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Approved by the World Agricultural Outlook Board. Sum- 
mary released October 16, 1991. The next summary of the 
Agricultural Resources Situation and Outlook Report, which 
will feature fertilizer and pesticide usage is scheduled for 
release in February 1992. Summaries and full text of situa- 
tion and outlook reports may be accessed electronically. For 
details, call (202) 447-5505. 


The Agricultural Resources Situation and Outlook Report is 
published four times a year. Subscriptions are available 
from ERS-NASS, P.O. Box 1608, Rockville, MD 20849- 


1608. Or call, toll free, 1-800-999-6779 (weekdays, 8:30- 
5:00 ET). Rates: 1 year, $12: 2 years, $23: 3 years, $33. 
Add 25 percent for subscriptions mailed outside the United 
States. Make checks payable to ERS-NASS. Single copies 
are available for $8.00 each. 


Time to renew? Your subscription to Agricultural Resour- 
ces Situation and Outlook Report expires in the month and 
year shown on the top line of your address label. If your sub- 
scription is about to expire, renew today. Call 1-800-999- 
6779. 


Summary 


Total 1991 pesticide use on the 10 major field crops is 
projected at 478 million pounds active ingredient (a.i.), up 
15 million pounds from 1990. The area planted to row 
crops, which tend to be pesticide intensive, increased, while 
that for small grains decreased. Average farm-level her- 
bicide prices rose 8.6 percent and insecticide prices rose 13 
percent. Pesticide manufacturers’ costs have increased be- 
cause of the need to develop additional data to reregister 
older products, and to research and develop new products. 
Dealers’ costs have also risen, especially for liability 
insurance. 


U.S. farmers can expect energy prices through 1992 to be 
slightly above the 1991 average, due to expected steady or 
modestly higher prices for imported crude oil. Direct energy 
expenditures are expected to grow 3.3 percent to $7.72 bil- 
lion in 1991. This can be attributed to the expected rise in 
energy prices, slightly offset by reduced fuel use associated 
with a small reduction in planted acreage for major field 
crops. 


The forecast for 1991 unit sales of farm machinery has been 
revised downward, reflecting the expected slowdown in trac- 
tor sales to near 1990 levels. Weaker farm machinery sales 
can be linked to 1991 net farm income, which is forecast to 
fall about one tenth from 1990 levels. This is due primarily 
to reduced cash grain production, lower dairy prices, and 
slightly higher production expenses. However, some 
economic factors are encouraging. Farm asset values will 
likely show a significant increase by the end of the year and 
interest rates are down for farm machinery purchases. 
Receipts for some farm commodities, such as cotton and 
fruit, are rising. 


Tillage systems used on 1991 winter wheat acreage varied lit- 
tle from 1990. About 16 percent of the acreage was prod- 


duced with conservation tillage methods, 13 percent was 
mulch-till and 3 percent was no-till. Nearly 72 percent 
wasconventional tillage without the moldboard plow, reflect- 
ing Chisel plow use in the normal wheat-fallow rotations of 
the arid western States. An average of 30 percent of the 
winter wheat acreage was highly erodible land. Over 90 per- 
cent of the 1990 fall potato production utilized conventional 
tillage methods. Some mulch tillage was used in the more 
western States, probably to help conserve moisture. 


For the 1990/1991 crop year seed use for the eight major 
crops was estimated at 5.9 million tons, down 4 percent from 
the previous year. This decline resulted from lower wheat 
acreage planted, which fell 9 percent. Higher corn, grain sor- 
ghum, cotton, and soybean seed prices were offset by 
generally lower small grain, forage, and potato seed prices. 
As aresult, USDA’s prices-paid index for seed remained un- 
changed from last year. Changes between 1990 and 1991 
tended to mirror price changes in the underlying com- 
modities. Farm seed expenditures in 1990 rose only 1 per- 
cent from 1989, while 1991 expenditures are expected to 
increase 3 percent due to higher row-crop acreage, especially 
com. The 1990 net seed trade surplus surged 30 percent 
over 1989, to $443 million. The increase primarily reflected 
gains in corn, vegetable, forage, and flower seed exports. 


The 1992 U.S. fertilizer outlook is for adequate supplies at 
slightly higher prices. U.S. plant nutrient use in 1990/91 is 
estimated at 20 million tons, down 3 percent from the pre- 
vious year, due to reduced wheat plantings. Spring 1991 
prices were 4 percent higher than a year earlier. Worldwide 
fertilizer production and consumption is anticipated to 
decline in response to political and economic events in East- 
ern Europe, USSR, and the Middle East. 


Energy 


U.S. farmers can expect energy prices through 1992 to 
remain at or slightly above the 1991 average to date due to 
expected steady or modestly higher prices for imported 
crude oil. Direct energy expenditures (which comprise 
about 5.9 percent of total direct farm production expenses) 
are expected to grow 3.3 percent to $7.72 billion. This 
change can be attributed to the rise in energy prices slightly 
offset by reduced fuel use associated with a minimal reduc- 
tion in planted acreage for the major field crops. 


The World Crude Oil Price 


After the Persian Gulf War, the world price of crude oil has 
settled back to the pre-war level of around $20 per barrel, al- 
though it rose for the few days surrounding the July aborted 
coup in the USSR (which is a major world producer of crude 
oil). The trend over the next few years, however, will evolve 
from a number of inherent uncertainties. These include the 
excess production capacity of the Organization of Petroleum 
Exporting Countries (OPEC), excess petroleum stocks rela- 
tive to petroleum demand (as measured in days of forward 
consumption), and exports from the USSR. 


The excess OPEC production capacity will be affected by 
the speed with which Iraq and Kuwait restore their oil 
production and exports. In general, a lower level of excess 
oil production capacity will place upward pressure on prices 
but this can be offset, at least partially, by abnormally high 
petroleum stocks. Soviet oil exports will be determined by 
the political stability in the oil producing regions and by the 
relative decline rates of both oil production and consump- 
tion, all of which are extremely uncertain at this time. In ad- 
dition to these three factors, another uncertainty affecting the 
world oil price is world economic growth. 


Given these uncertainties, the world price of crude oil is 
forecast by the Department of Energy to increase between 0 
and 15 percent through the end of 1992, with the most prob- 
able increase being around 5 percent. 


Domestic Petroleum Consumption and Production 


The Department of Energy has analyzed the consumption 
and production of refined petroleum products, assuming an 
average world price of crude oil of $20 per barrel through 
1992 (table 1). With a higher world crude oil price and a 
sluggish, though rebounding, economy, U.S. petroleum 
demand is expected to increase. At a world price of $20 per 
barrel, the demand for all refined petroleum products in 1992 
is expected to be 16.92 million barrels per day, a 2.1 percent 
increase from the projected 1991 level. 


On the supply side, the $20-per-barrel price is expected to 
slow, but not reverse, the rate of decline in domestic crude 


Table 1--U.S. petroleum consumption-supply balance 
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Item 1988 1989 1990 1991 1992 


Million barrels/day 


Seer aacstine 7.34 7.33 7.23 7.16 7.16 
Distillate fuel Sele 3.16 3.02 2.95 Sets) 
bial oly ER dah be bie an 

t . : 7 ¥ Ks 
ht ad Nie29) Wile S351 6299ee 16-5 Sammmlonge 

Supply: 

EProsuetion 2/ 10.51 9.91 9.70 9.77 9.54 
Net oI oil aie 
troleum imports 
tine ludes SPR) 3/ 6.59 7.20 7.17 6.64 7.28 
Net stock 
withdrawals 0.19 0.21 0.12 0.17 0.10 
Total 17.29 17.32 16.99 16.58 16.92 
Net imports as a Percent 
share of total 
supply 38.11 41.57 42.20 40.05 43.03 
% change from previous year 

Consunpt jon 0.23 -1.96 -2.41 2.05 

Domestic production =S ale ote O272agea2e55 

Imports OT 20m - 0.42 e359 9.64 


1/ Includes crude oil product supplied, natural gas 
Liquid (NGL), other hydrocarbons and alcohol, and jet 
fuel. 2/ Includes domestic oil production, NGL, and_ 
other domestic processing gains (i.e., volumetric gain 
in refinery cracking and distillation process). 
3/ Includes both crude oil and refined products. SPR denotes 
Strategic Petroleum Reserves. 


Source: U.S. Department of Energy, Energy 
Information Administration. Short-Term 
Energy Outlook. DOE/EIA-0202(91/3Q). 
August 1991 


oil production in 1992. Crude oil imports growth are ex- 
pected to reverse their direction from a decrease of 7.4 per- 
cent for 1991 to a 9.6 percent increase for 1992, as a result of 
reduced domestic production and increased domestic con- 
sumption. In 1992, total net petroleum imports are projected 
to once again increase by about 10 percent, after registering 
declines in 1990 and 1991. 


In the $20-per-barrel-world-oil case, the price of crude oil is 
assumed to increase by nearly $1 per barrel (2.4 cents per 
gallon) from the third quarter of 1991 to the fourth quarter of 
1992. Most refined petroleum product prices would increase 
by about 3 cents per gallon during this period, indicating that 
the refiner margin would change little from the year earlier. 


Unrelated to events in the world oil market, retail gasoline 
prices were up in mid-1991 due to relatively low inventories. 
This increase is expected to dissipate later in 1991 as stock 
levels rise to within their normal range. 


At $20 per barrel, the consumption of most refined 
petroleum products is expected to remain constant for the 
remainder of 1991 and then increase slightly in 1992. In the 
transportation sector, continued slow economic growth and 
higher prices for gasoline and diesel fuel are expected to 
dampen travel demand. Growth in motor vehicle-miles 
traveled is expected to be more than offset by the continued 


improvements in vehicle efficiency that yield declining use 
of gasoline and diesel fuel. Higher fuel costs are expected to 
result in higher airline ticket prices, which in turn is ex- 
pected to keep commercial jet fuel demand weak in 1992. 


The slightly higher energy prices are expected to have mini- 
mal effect on domestic production of crude oil in 1992. Ina 
$20-per-barrel oil price scenario, domestic crude oil output 
is projected to decline in 1992 by 230,000 barrels per day 
from 1991 levels. This compares to an average increase of 
70,000 barrels per day in 1991 but a decline of 210,000 bar- 
rels per day in 1990. Higher oil prices are expected to fur- 
ther slow the rate of decline in domestic crude oil production 
by the end of 1992. 


At $20 per barrel, net imports of crude oil are anticipated to 
increase by 640,000 barrels per day to 7.28 million barrels 
per day in 1992, compared to an projected decline of 
530,000 barrels per day in 1991. The expected 1992 in- 
crease largely reflects the reduced import rates during the 
first quarter of 1991 giving a lower base level of imports. 


End-of-year crude oil inventories are projected to remain al- 
most unchanged in both 1991 and 1992. The sizeable stock 
draw during the second half of 1990 and first quarter of 
1991, brought about by the disruption of normal supply pat- 
terns, is projected to be reversed. Inventories should return 
to normal levels. Refined petroleum product inventories, 


however, are expected to increase slightly in 1992 over 1991. 


Energy in the Farm Sector 


The U.S. agricultural sector’s energy supply and price expec- 
tations reflect world crude oil market conditions. Current 
world oil supplies are adequate and this situation is expected 
to continue into 1992. Fuel prices in the farm sector in- 
creased in 1990 from 1989, but are expected to stabilize in 
1991-1992 at or slightly below 1990 levels. Farmers can ex- 
pect plentiful supplies of gasoline, diesel fuel, and liquefied 
petroleum (LP) gas for the rest of 1991 and into 1992. 


Little shift is expected in the input mix (e.g., fuel choice) 
over the next year. In the intermediate to long term, how- 
ever, if crude oil prices go higher, farmers will likely sub- 
stitute relatively less expensive energy (e.g., natural gas) for 
refined petroleum products where possible. 


Farm Fuel Use 


The consumption of refined petroleum products such as 
diesel fuel, gasoline, and liquefied petroleum gas by agricul- 
ture declined steadily between 1978 and 1989. Since then, 
aggregate energy consumption has remained relatively con- 
stant. Although the number of acres planted influences farm 
energy use, so do weather and other factors. For example, 
the switch from gasoline to diesel-powered engines; adop- 


tion of conservation tillage practices; change to larger, multi- 
function machines; and innovations in crop drying and irriga- 
tion contributed to the earlier decline. While no-till and 
mulch-till farming practices have not yet been widely 
adopted, they are now as prevalent as conventional tillage 
practices in some parts of the United States. 


With only a minimal decrease in total acres planted and har- 
vested in 1991, few significant changes in cropping prac- 
tices, and somewhat higher average energy prices for the 
entire growing season, the data, when available (in 1992), 
are expected to show that 1991 farm energy consumption 
remained near its 1990 level. 


Energy Prices Rose in 1990 and Fell in Early 1991 


Crude oil prices (especially that of imported crude, since it is 
the marginal supply in most instances) heavily influence the 
prices farmers pay for refined petroleum products. Histori- 
cally each 1 percent increase in the price of imported crude 
oil in the United States has translated into about a 0.7 per- 
cent rise in the price of gasoline and diesel fuel paid by 
farmers. In 1990, average gasoline prices increased by 11.4 
percent and diesel fuel prices rose by 25 percent over their 
1989 levels (table 2). Through July 1991, gasoline prices are 
approximately at their 1990 average level while diesel fuel 
prices have fallen 7.4 percent below their 1990 level. 


More revealing than average energy prices between 1990 
and 1991 are the prices as they changed between July and 
October of 1990 and January, April, and July of 1991. 
Recall that the Persian Gulf War began on August 2, 1990. 
Thus, between July 1990 and October 1990 when the impact 
of the conflict on the world crude oil market was most 


Table 2--Average U.S. farm fuel prices 1/ 


1981 neg 1.16 0.70 
1982 1.23 1.11 0.71 
1983 1.18 1.00 0.77 
1984 1.16 1.00 0.76 
1985 1.15 0.97 0.73 
986 0.89 0.71 0.67 
1987 0.92 0.71 0.59 
988 0.93 0.73 0.59 
1989 1.05 0.76 0.58 
990 diel 0.94 0.83 
Jan_ 1990 1.09 1.01 1.06 
April 1990 1.08 0.81 0.67 
July 1990 1.10 0.74 0.65 
Oct 1990 1.41 eee 0.94 
Jan 1991 1.26 1.05 0.88 
April 1991 1.16 0.82 0.72 
July 1991 1.16 0.77 0.68 


1/ Based on surveys of GOGMSSUPETY dealers 
conducted by the National Agricultural 
Statistics Service, USDA. 2/ Bulk delivered. 


Table 3--Farm energy expenditures 
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Forecast i i i 
iten 1987 1988 1989 1990 1991 levels, while prices of diesel fuel and LP gas approached 
wer oR RA SeraieSaann 2 ome ee re aay eee Seana ner their pre-War level. 
rae teeeeg $ billion 
els a i j 
leBricentee Energy Expenditures Up in 1990 
Diesel 215 213 243 laa 2187 
lese : : : : : i i i 
tp gas errs Ge. Et. fa In 1990, farm energy expenditures on gasoline, diesel fuel, 
Other 0.470.535.0005) 025705 40.60 LP gas, electricity, natural gas, and lubricants totaled $7.47 
EL ectric ity: billion, up 10.2 percent from a year earlier (table 3). This 
iret gation. ar ost Woi7memiigow by e5mny op rise reflects a 20.2 percent jump in fuel and lubricant expen- 
For irrigation 0.43 0.48 0.64 0.65 0.67 ditures and about a 3.0 percent increase in electricity expen- 
Total 6881) 7o10 MORTS. Se 72478 BTET2 ditures. Higher energy prices, higher yields and a very slight 
fall in the number of acres planted and harvested in 1990 
Percent change from over 1989 accounted for incr .F 
preceding year ooo 45110 180s. 55 oF these ner ase Eas 


~ Semleie oes ce seat Hee Maes Se SE be ee” Soe ee moderate loss in planted acreage coupled with relatively 
Source: U.S. Department of Agriculture, National i i i i ] 
Aaciculeuga Statieticonsece cee rary higher energy prices during the planting season are projected 


Production Expenditures, 1987, 1988, 1989, to hold the rise in farm energy expendi : 
ene ae: gy expenditures to just 3.3 


severely felt, the price of gasoline, diesel fuel, and LP gas 
jumped by 28.1 percent, 65.9 percent, and 44.6 percent, 
respectively. As surge production from oil producing 
countries replaced that lost from Iraq and Kuwait, the world 
price decline resulted in a fall in average U.S. farm fuel 
prices (table 2). After the cessation of hostilities in February 


Farm Machinery 


Nominal expenditures for tractors and other farm machinery 
rose an estimated $510 million in 1990 to $8.2 billion (table 
4). However, expenditures in 1991 may not exceed those of 


Table 4--Trends in U.S. farm investment expenditures and factors affecting farm investment demand 


Forecast 
Item 1984 1985 1986 1987 1988 1989 1990 991 
$ billion 
Capital nditures: 
ctractorsen 2.54 1.94 1.51 2.10 2.48 2.76 2.87 2at=530 
Other farm machinery 4.68 3.23 3.09 4.30 4.15 4.92 5.32 Dae Js) 
Total eee 5.17 4.60 6.40 6.63 7.68 8.19 eo Oo 
Tractor and machinery repairs 3.59 3.44 3.43 Sei 4.56 3.93 3.73 3.7-4.0 
Trucks and autos 2.04 1.76 Ve omit 2.33 2.50 2.81 2257ec0 
Farm buildings 1/ 3.26 2.26 2.14 2.60 Zoe 2.45 2.67 225-269 
Factors affecting demand: 
Interest Broences 21.1 18.6 nice 15.1 14.8 14.7 14.7 14-16 
Total production expenses 141.6 132.4 125.5 128.6 133.5 140.5 144.8 145-150 
Outstanding farm debt 2/ 3/ 204 188 167 154 149 146 145 143-149 
Farm real estate assets 2/ 735 157 613 659 687 693 703 115-725 
Farm nonreal estate assets 2/ 241.5 235.8 234.9 253.2 270.0 283.4 293.5 295-305 
Agricultural exports 4/ 38.0 31.2 26.3 27.9 5525 39.6 40.2 S30 
Cash receipts 142.8 144.1 135.2 141.6 151.0 160.5 169.1 166-171 
Net farm income 26.3 31.0 31.0 39.7 41.0 49.2 49.6 41-46 
Net cash income 36.6 47.9 46.7 55.5 57.4 58.3 Se 54-59 
Direct government payments 8.4 Cat, 11.8 Gara 14 10.9 9.3 8-9 
Million acres 
Diverted acres 5/ 27.0 30.7 48.1 76.2 tei 60.8 61.6 63.3 
Percent 
Real prime rate 6/ 7/ 8/ 8.3 6.9 Dlg 5.0 6.8 
Nominal farm pechinely and 
equipment loan rate 8/ 4.6 13 lime 11 12.8 2 
Real farm machinery and 
equipment loan rate 7/ 8/ 10.8 10.7 9.4 8.3 8.4 8.7 8. 
Debt-asset ratio 9/ 19.8 21.0 19.6 16.9 1525 15.0 14.6 14-15 


1/ Includes service buildings, structures, and land improvements. 2/ Calculated eine nominal dollar balance sheet 
data, including farm households for December 31 of each year. 3/ Excludes CCC loans. 4/ Fiscal Sens 5/ Includes 
acres idled through commodity programs and acres enrolled in the Conservation Reserve Program. 1991-preliminary. 

6/ Monthly average. 7/ Deflated by the GNP Deflator. 8/ Average annual interest rate. From the quarterly sample 
survey of commercial banks: Agricultural Financial Databook, Board of Governors of the Federal Reserve System. 
Interest for 1991 is for second quarter. 9/ Outstanding farm debt (including households) divided by the sum of farm 
real and nonreal estate asset values. 


Source: Agricultural Income and Finance, Situation and Outlook Report AFO-41, ERS; and other ERS sources. 





Table 5--Domestic farm machinery unit sales 


Forecast pegs Enange 


Machinery category 1985 1986 1987 1988 1989 1990 1991 89- 
Units Percent 
Tractors: 
Two-wheel-drive 
e p 37,800 30,800 30, 700 33,200 34,900 38,400 38,900 10 1 
100-139 or 1/ 7,300 5, 100 5,100 4,300 5,200 
Over 139 hp 1/ 10,400 9,100 10,800 11,800 15,400 
Total over 99 hp 17,700 14,300 15,900 16,100 20,600 22,800 23,300 11 2 
Four-wheel-drive 2,900 2,000 1,700 2,700 4,200 5, 100 5,200 23 2 
Grain and forage 
harvesting equipment: 
Self-propelled combines 8,400 7,700 7,200 6,000 9,100 10,400 11,300 15. 8 
Forage harvesters 1/2/ 2,500 2,200 2,300 2,400 2,800 
Haying equipment: 
Mower conditions 1/ 11,200 10,900 11,200 11,000 13,200 


1/ Discontinued after 1989. 2/ Shear bar type. 


Source: Equipment Manufacturers Institute (EMI). All 1991 values are ERS forecasts. 





1990. Both net cash and farm income are forecast to 
decrease in 1991 due to declining cash grain production, 
lower dairy prices, and increasing production expenses. Net 
farm income is forecast to fall about 10 percent. Direct 

; : ‘ Thousand units 
government payments will not increase. Agricultural com- 40 
modity exports will likely show a $3 billion decrease from 
the $40.2 billion in 1990. Outstanding farm debt will likely 
climb in 1991, reversing a 7-year downward trend. Diverted 8 
acres (idled through commodity programs or enrolled in the 
Conservation Reserve Program) increased in 1991 from 61.6 


Figure 1 
Farm Tractor Sales’ 








to 63.3 million acres, which may further reduce machinery 6 i: 

demand. “Nn 

Offsetting these factors is the continued improvement of : 

farm asset values in 1990 and 1991. With both debt and 

asset values increasing, the debt-asset ratio will probably 2 

remain stable at 15; well below the 1985 high of 21. Also, Jan Mar May Jul Sep Nov 
interest rates for farm machinery fell from the 1990 rate of 1/ Wheel tractors 40 horsepower and above. 


Source: Equipment Manufacturers Institute. 


12.3 percent to a second-quarter 1991 rate of 11.4 percent. 


Land Values Increase probably more directly affects farmers’ decisions to pur- 
. : i chase, decreased for the third consecutive year to 11.4 per- 

Land values continued recovery with a nominal, 2 percent cent in the second quarter of 1991. 

rise in 1990 and are forecast up 1 to 3 percent in 1991. Land 

value increases are the major component of higher real estate Unit Sales 

values and can reflect heightened expectations of farm 

profitability. Higher asset values improve the equity posi- Increases in unit sales of new farm machinery in 1990 oc- 

tion of farm owners and help in financing machinery pur- curred in all categories (table 5). Combine sales, for ex- 

chases. Real (inflation-adjusted) land values, however, were ample, rose 15 percent. The number of combines sold is 

down in 1990 and are forecast to decrease from 0 to 4 per- forecast to increase another 8 percent by the end of 1991. In- 

cent in 1991, suggesting that a sustained recovery of real creases in sales of tractors and combines reflect recovery 

land values has not yet occurred. from the depressed sales levels of the early and mid 1980's. 
Monthly sales of tractors through July 1991 have generally 

Interest Rates Decrease lagged behind those for 1990 (figure 1). Monthly sales of 
tractors will likely pick up through October and December, 

The real farm machinery and equipment loan rate fell to 8.2 in line with seasonal trends of previous years. A 2 percent 

percent in 1990. However, this loan rate was up three tenths average increase over 1990 is forecast in the sales of tractors 

of a percent by the end of the second quarter of 1991 (table and combines by the end of 1991. 


4). The nominal farm machinery loan rate, the one that 





Tractor Sales 


Sales of tractors in the higher horsepower ranges continued 
to increase as a proportion of all farm tractor sales. In 1990, 
four-wheel-drive tractors were 7.7 percent of sales, com- 
pared with 7 percent in 1989 and only 3 percent in 1987. 
Generally, for the last 20 years, the proportion of four-wheel- 
drive tractor sales increased when total farm machinery sales 
increased, and decreased when farm income declined and 
total tractor sales fell. 


Increased sales of larger tractors is probably due in part to a 
trend toward larger farms. The U.S. Department of Agricul- 
ture (Agricultural Statistics, 1990) reported a 12 percent 
decrease in the number of farms since 1977. Average farm 
size increased from 427 to 461 acres. Larger tractors handle 
larger implements and can cover more ground per pass. The 
increased sales of larger tractors suggest that farmers find 
them more cost-effective than smaller tractors. 


Though sales of farm tractors (greater than 40 horsepower) 
have climbed, reaching 66,000 in 1990, unit sales are still 
much less than in the 1970’s when sales reached 156,000. 
Increases in net farm income, real estate assets, and farm ex- 
ports; and decreases in farm debt and diverted acres, led to 
higher sales in the late 1980’s. These were profitable years 
for U.S. agriculture that afforded farmers the opportunity to 
step up replacements of machinery and equipment. With 
fewer, but larger farms and the trend toward larger equip- 
ment but fewer units purchased, it is not likely that the 
1970’s unit sales record will soon be matched. 


Farm Machinery Capital Expenditures and 
Depreciation 


Depreciation exceeded capital expenditures every year 
during the 1980’s for farm machinery in the United States. 
Known as capital depletion, this phenomenon was 
pronounced in the mid 1980’s when real depreciation 
reached $8.5 billion and real capital expenditures were $4.2 
billion. The gap narrowed to $1.3 billion in 1989. When the 
final figures are available for 1991, real capital expenditures 
probably will again exceed real depreciation. 


While continued, long term, capital depletion could have 
serious implications for both the farming sector and the farm 
machinery supply sector, capital depletion in the 1980’s is 
likely the result of farmers’ adjustments to cyclical economic 
conditions. The profitable farming years of the mid to late 
1970’s encouraged farmers to buy tractors and machinery, 
sometimes more and larger units than needed. When farm in- 
come declined in the early 1980’s, farmers bought less 
machinery, but the farming sector remained highly produc- 
tive by keeping old machinery in repair and using extra 
capacity built up during the late 1970’s. Although delaying 
expenditures on farm machinery can incur higher repair 


costs, there is usually a range of years when the difference in 
cost between keeping an old machine and buying a new one 
is small. 


Farm Machinery Foreign Trade 


Revised farm machinery trade data for 1990 show exports of 
farm and garden machinery and equipment still exceeding 
imports. Exports in 1990 were $3.4 billion, compared to 
$2.8 for imports, leaving a net positive balance of $629 mil- 
lion, according to the U.S. International Trade Commission. 
This was down from $746 million in 1989. Manufacturers’ 
shipments were $9.8 billion in 1990. Accounting for imports 
and exports, apparent U.S. consumption was $9.2 billion 
with about 30 percent of farm and garden machinery and 
equipment supplied by imports. 


The United States had farm machinery trade with over 130 
countries in 1990. The major share of exports went to 
Canada (33 percent), Mexico (8 percent), Australia (7 per- 
cent), and France (6 percent). The U.S. imported farm 
machinery from Canada (20 percent), Germany (20 percent), 
the United Kingdom (17 percent), Japan (14 percent) and 
Italy (6 percent). The U.S. had a farm machinery trade 
deficit with Germany (-$404 million), the United Kingdom 
(-$307 million), Japan (-$243 million), and Italy (-$132 
million). 


Tillage Systems 


Tillage operations and amount of previous crop residue on 
the soil surface after planting are important indicators of soil 
erosion potential. The conservation compliance provisions 
of the 1985 Food Security Act (FSA) require farmers to im- 
plement conservation practices on highly erodible land 
(HEL) by 1995 or become ineligible for farm program 
benefits. To meet these requirements, a change in crop rota- 
tion, different tillage system, addition of a cropping practice 
(such as contouring), and/or installation of permanent struc- 
tures are recommended. The USDA has developed plans for 
135 million acres of highly erodible cropland. These plans 
include 100 million acres of conservation tillage in the 
recommendations. 


For water erosion control purposes, a conservation tillage 
system is defined as one that leaves 30 percent or more of 
the soil surface covered with residue after planting. Conven- 
tional tillage methods (with and without the moldboard 
plow) leave less than 30 percent. Since the various tillage 
systems leave significantly different residue levels, the type 
of system directly affects erosion potential and water quality. 
In general, conventional tillage systems without the 
moldboard plow leave less than one-half as much residue 
after planting as mulch-till systems. 





The tillage system employed influences the types and levels 
of other input use. Labor hours spent in tilling the soil are re- 
lated to the number of times the farmer goes over the field, 
as well as implement size and tractor speed. Labor and fuel 
are normally reduced with tillage systems that require fewer 
trips over the field. On the other hand, a no-till system used 
on sod might necessitate an extra trip for an herbicide ap- 
plied to kill vegetation. 


Tillage system designations were determined from estimates 
of residue remaining after planting and the use of specific im- 
plements (1). To obtain the residue estimate, the percent of 
residue remaining was estimated from the previous crop and 
reduced by the residue incorporation rate of each tillage and 
planting implement used. For this report, the percent of 
residue was assumed to be evenly distributed over the soil 
surface. 


1991 Winter Wheat 
Oregon reported the heaviest reliance on the moldboard 


plow among major winter wheat producing States in the 
1991 Cropping Practices Survey (table 6). According to Ex- 


tension personnel, some western producers believe that the 
risk of disease is intensified when large amounts of wheat 
residue are left on the soil surface. Many of these states fol- 
low a wheat-fallow or a wheat-wheat-fallow rotation. Idaho 
and South Dakota reported that mulch tillage was used on 
more than 20 percent of winter wheat acreage. Indiana and 
Ohio reported 18 and 13 percent use of no-till, respectively. 
These States often plant winter wheat after fragile residue 
soybeans (2). Compared to 1990 acreage, proportional use 
of the moldboard plow and no tillage remained unchanged, 
while conventional tillage without the plow increased slight- 
ly at the expense of mulch till. 


South Dakota and Indiana had the highest estimated percent 
residue remaining after planting (27 and 25 percent) because 
of extensive use of mulch-till and no-till methods. Ok- 
lahoma had the lowest (10 percent) because of greater use of 
conventional tillage methods. There was little change in 
average residue levels from 1990, 


A slight increase in the number of trips over the field was 
reported, compared to 1990. Except for the no-till system, 
wheat acreage has more trips over the field than most other 


Table 6--Tillage practices used in winter wheat production, 1991 1/ 


Category AR co ID IL IN KS MO MT NEw ORs OR o ORs S00 IX ma area 
Hane eer O00s 930 2300 700 1400 750 10800 1550 1900 2100 1100 5000 800 1300 2800 750 34180 
rcent of acres 2/ 
Highly erodible land 4 50 43 28 235 Pst 29 61 30 12 16 34 32 19 52 30 
Tillage system: 5 : : ; 
mod plow 3 id 6 10 id id 18 id nr 20 9 22 30 nr id 15 12 
connie mide tod hy 87 77 59 77 70 65 82 84 69 72 Te 60 69 86 72 72 
Mulch-till 5/ id 16 22 11 9 17 10 13 11 6 5 10 35 12 8 13 
No-till 6/ 9 id 9 9 18 id 7 id nr 13 nr nr 6 id 5 3 
Residue remaining percent of soil surface covered 
after planting: : i . : 
id 2 2 id id 2 id nr 2 2 2 2 nr id 2 2 
con ep enciastog 11 17 10 17 16 14 18 15 14 14 11 18 17 10 14 14 
Mulch-till id 40 40 38 42 36 40 40 35 32 39 38 43 42 38 38 
No-till 66 id 39 61 58 id 55 id nr 54 nr nr 72 id 42 Bi, 
Average 17 20 18 23 235 16 22 20 14 19 10 15 7 14 16 Nita 
Number 
CORY ii tba BLOe id 6 a id id at id nr Sth 2 MALO 8 at nr id St ie 
Conv/wo mbd plow 23 4 4 33 .3 -6 4 4 -6 25 -6 eS 4 6 -6 ab 
Mulch-till id 4 4 at a2 4 -3 2 ) aS 4 4 Ae 4 5 4 
No-till a id mA at ne id we id nr ea nr nr m1 id 1 el 
Average ape 4 4 .3 -3 -6 4 Ss -6 4 -6 5 4 -6 6 5 
Times over field: ' ; ; 
id 5.8 3.9 id Ceo at id fale. (ets Bicker Sif, ays) nr 1d Dav, 5.6 
Coe ie Pee 3.5 6e3 mS Cec COMmC ae DCO. CeO m4 SOc on (ees fe Cue Ole 6544 5 5 5 5.0 
Mulch-till 200 4.0m 95.4.8 e-0necs0 | 4.9 Chip 2.6 4.45 52.0 F412 4.8" 3.2 452 Vo. 4.2 
No-till 120 Tdi sO mel O sade O 1d 120 id Are ele0 nr nr 1.0 el») Ghat 1.0 
Average SUS EOSIN COM CECL E56) Caan G ee eG. CL DRS One F55O (G56 ele eS 54 4.9 


id = Insufficient data. nr = None reported. 


1/ ee GL 2/ May not add to 100 due to rounding. 
system that include Y 
4/ Conventional tillage without moldboard 
does not use a moldboard plow. 


planting and is not a no-till system. 6/ No-till 


3/ Conventional tillage with moldboard plow--any tillage 

s the use of a moldboard plow and has less than 30 percent residue remaining after planting. 
plow--any tillage system that has less than 30 percent remaining residue and 
5/ Mulch-tillage--System that has 30 percent or greater remaining residue after 
age--No residue-incorporating tillage operations performed prior to 


planting; does allow passes of nontillage implements, such as stalk choppers. 


field crops. Much of the wheat produced in the Great Plains 
and western States is produced after a fallow period (2). All 
implement trips over the field made during the fallow year 
were included in determining residue levels. Typical fallow 
procedure starts in the fall with chisel plowing and other non- 
inversion tillage operations, instead of a single pass with the 
moldboard plow. For these States, therefore, the tables 
reflect more trips over the field under conventional tillage 
without the moldboard plow. 


An average of 30 percent of the 1991 surveyed winter wheat 
acres were produced on highly-erodible fields. This figure 
varied from about 4 percent in Arkansas to 50 percent or 
more in Montana, Washington, and Colorado. The western 
States are usually more subject to wind erosion than to water 
erosion. A greater proportion of acreage may be affected be- 
cause wind erosion is not limited to the more sloping soils. 


Conventional tillage methods were used on 82 percent of the 
highly erodible acreage, with 8 percent using the moldboard 
plow and 74 percent not using the plow. Some of these 
acres likely meet conservation compliance requirements be- 
cause the entire rotation, timing of tillage operations, and 
other practices are used in the evaluation. The majority of 


western winter wheat producers follow a wheat-fallow rota- 
tion. They usually begin the fallow period by roughening 
the soil by chisel or sweep plowing, leaving residue on the 
soil surface. This not only decreases wind erosion but helps 
retain water. Winter wheat is planted the following fall and 
plant growth provides protection during the next spring’s 
period of highest wind erosion. 


1990 Potatoes 


In 1990 fall potato production, Pennsylvania farmers used 
the moldboard plow on 95 percent of acreage (table 7). New 
York, Michigan, and Wisconsin also reported use of the 
plow on over 60 percent of acreage. In most other surveyed 
States the plow was used on less than 40 percent of the acres. 
Oregon, Idaho, and North Dakota reported the largest use of 
conventional till without the moldboard plow (over 60 per- 
cent). No tillage is still not a common practice among potato 
growers. In rotations emphasizing potatoes, any decaying 
vines or tubers left in the fields from previous years may har- 
bor the organisms for early or late blight. In many States, 
remaining residue averaged less than 10 percent. For all 
potato production, there was an average of more than four til- 
lage passes. 


Table 7--Tillage practices used in fall potato production, 1990 


Category co ID ME MI MN NY 1/ ND OR PA WA WI Area 
Planted acres (1000) 2/ 66 395 81 34 69 23 145 53 23 129 69 1087 
percent of acres 3/ 
Highly erodible land 55 33 17 0 5 5 14 39 22 41 6 24 
Tillage system: 
Covi Td plow 4/ 41 31 31 65 38 79 11 23 95 40 60 35 
Conv/wo mbd plow 5/ 50 68 53 30 56 17 60 72 5 52 29 56 
Mulch-till 6/ 9 1 16 3 6 nr 29 6 nr 8 9 8 
No-till 7/ nr nr nr id nr id nr nr nr nr id id 


Residue remaining 
after prance 
Ow 


Conv/w mbd p 1 1 1 1 
Conv/wo mbd plow 9 9 10 12 
Mulch-till 46 44 42 36 
No-till nr nr nr id 
Average 9 7 13 7 
Hours per acre: 
Conv/w mbd plow 8 9 Wed 1.0 
Conv/wo mbd plow mit 8 9 -8 
Mulch-till 4 4 Bt eS 
No-till nr nr nr id 
Average 7 8 9 9 
Times over field: 
Conv/w mbd plow 4.2 4.3 3.9 4.2 
Conv/wo mbd plow 4.3 4.7 3.4 3.4 
Mulch-till 2.2 3.0 2.8 en 
No-till nr nr nr 1.0 
Average 4.1 4.5 3.5 3.8 


id = Insufficient data. 


1/ Excludes Long Island. 2/ Preliminary. 
moldboard plow--any tillage system that includes t 
remaining after planting. 
30 percent remaining residue and does not use a moldboard 


nr = None reported. 


tillage operations performed prior to p 
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S/i acy not add to 100 due to rounding. 
e 


percent of soil surface covered 


2 2 2 1 2 2 2 2 
19 14 15 8 9 12 15 11 
36 nr 39 35 nr 42 43 41 
nr id nr nr nr nr id 47 
14 6 21 8 2 10 10 10 

Number 

.6 e5 4 2a es ‘len 8 120 

aS 1.3 4 1235 1.7 8 a5 TA 

4 nr 3 8 nr -5 4 4 

nr id nr nr nr nr id a 

5 1.4 4 fies 15. 9 te 8 
3.8 4.0 vel Gal 3.7 4.6 Sal 4.1 
4.1 4.1 4.3 Dae 4.3 4.3 3.4 4.4 
3.4 nr 2.9 3.3 nr ene 2.4 2.8 

nr 1.0 nr nr nr nr 1.0 1.0 
3.9 3.4 3.9 5.3 3.7 4.2 3.1 4.2 


4/ Conventional tillage with 


a u _use of a moldboard plow and has less than 30 percent residue 

5/ Conventional tillage without moldboard prowae any tillage system that has less than 

: ; plow. 6/ Mulch-tilla 

greater remaining residue after prancing and is not a no-till system. 
a 


age--System that has 30 percent or 
7/ No-tillage--No residue- incorporating 


nting; does allow passes of nontillage implements, such as stalk choppers. 





Wind erosion is often a problem on the flat, loamy-sandy 
soils utilized for potato production. Therefore, many of 
these soils are designated highly erodible. Cover crops, such 
as rye, are often used as erosion protection in the eastern 
States where water availability is not a major problem. This 
may partially explain why in eastern States the moldboard 
plow is used more extensively. However, in other States, 
farmers will probably decrease the use of the moldboard 
plow and retain more crop residue in order to comply with 
erosion reduction objectives and conserve moisture. 
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Seeds 
Consumption 


In the 1990/1991 crop year, seed consumption for eight 
major field crops will likely equal 5.9 million tons, a 4 per- 
cent decline from the previous year (table 8). This is because 
the planted aggregate acreage of these field crops is 1-2 per- 
cent lower than last year resulting primarily from a 9 percent 
decline in wheat acres. 


Table 8--Seed use for major U.S. field crops 1/ 


Crops 1987/88 1988/89 1989/90 1990/91 2/ 89/90-90/91 
P25 99095 1,000' tons--------- Percent 
Corn 482 515 529 540 2 
Sorghum 36 42 31 36 16 
Soybeans 1,684 1,751 1,664 1,722 3 
Barley 377 360 320 1 
Oats 506 433 361 306 =15 
Wheat 2,550 3,090 3,000 2,670 -11 
Rice 150 150 160 160 0 
Cotton 3/ 93 112 94 108 15 
Total 5,878 6,453 6,159 5,892 -4 


1/ Crop marketing year. 2/ Preliminary. 3/ Upland cotton. 


Prices 


Higher corn, grain sorghum, cotton and soybean seed prices 
in 1991 were offset by generally lower small grain, and 
forage seeds, and seed potato prices. As a result, USDA’s 
prices paid index for seed remained unchanged from last 
year. 


Due to the substitutability of crop production between seed 
use and commercial disappearance, seed prices for most 


Table 9--April farm planting seed prices 1/ 


Change 
Item Unit 1989 1990 1991 90-91 
Percent 
Field seeds: 
Corn 2/ 71.40 69.90 70.20 0 
Grain sorghum $/cwt. 69.50 69.90 71.20 2 
Oats $/bu. 5.89 4.19 Bela -11 
Barley $/bu. 5.91 Bred 4.55 -13 
Wheat (spring) $/bu. 6.71 6.05 4.72 -22 
Wheat (winter) $/bu. 7.55 8.01 6.89 “14 
Soybeans $/bu. 14.70 12.50 12.80 2 
Cotton $/cwt. 50.10 54.30 58.20 Gl 
Potatoes $/cwt. 10.60 11.00 9.70 -12 
Forage seeds: 
Red clover . $/cwt. 162.00 145.00 134.00 -8 
Fescue, Tall 3/ $/cwt. 111.00 85.10 89.00 5 
Orchardgrass $/cwt. 117.00 102.00 101.00 -4 
Ryegrass, annual $/cwt. 24.30 50.50 46.80 Bite 
Timothy i $/ewt. 132.00 82.10 66.40 -19 
Lespedeza, sericea $/cwt. 167.00 134.00 101.00 “25 
Alfalfa, proprietry $/cwt. 249.00 253.00 266.00 5 
Seed Cene paid index 
(1977=100) 170 163 163 0 


1/ Derived from the April survey of farm supply dealers 
conducted by NASS, USDA. 2/ $/80,000 kernels. x, Alta, and 
Kentucky 31. 


open-pollinated seeds are linked to the price of the underly- 
ing commodity. For example, soybean and cotton marketing 
year prices for 1990/91 were above those for 1989/90 lead- 
ing to seed price increases of 2 and 7 percent, respectively. 
Conversely, spring wheat, winter wheat, oats, and barley 
seed prices fell 22, 14, 12, and 13 percent, respectively, be- 
tween April 1990 and 1991 (table 9). Prices received by 
farmers for each of these commodities also declined between 
the 1989/90 and 1990/91 marketing years, reflecting the in- 
creased supply relative to demand. The correlation between 
seed and commodity prices is strengthened by farmers op- 
tion to save seed from current production for the following 
year’s crop. 


Hybrid seed prices, such as for corn and grain sorghum, 
reflect several supply and demand factors. For example, the 
weather conditions that either inhibit or enhance yields of 
the commercial crop of corn and grain sorghum also affect 
the seed supply the following year. Furthermore, hybrid 
seeds are typically purchased rather than grown on the farm, 
which reduces farmers’ seed source options. 


During the 1988 drought, seed corn production was adverse- 
ly impacted. With seed corn supplies down and planted corn 
acreage up in 1989, seed prices increased 11 percent. Seed 
supplies returned to normal by the spring of 1990, allowing 
prices to slip 2 percent despite a 2 million acre increase in 
planted corn. In 1991, seed com prices increased less than 1 
percent, even though planted corn acreage rose 1.7 million 
acres from 1990 levels. An increasing share of seed corn 
production has been contracted with producers who have ir- 
rigated land, thus reducing the risk of disruptive seed 
supplies. 
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Forage seed prices were generally lower this year compared 
to 1990, as demand declined due to slowing growth of Con- 
servation Reserve Program (CRP) acreage. For example, 
timothy, annual ryegrass, red clover, and orchardgrass prices 
fell 19, 7, 8, and 1 percent, respectively. Only 565,000 acres 
were conditionally accepted by USDA in March of this year, 
compared to 4.1 million in 1990. About 550,000 are actual- 
ly expected to be retired in 1991, because farmers whose 
bids were conditionally accepted, had the right to withdraw. 
In addition, 18 percent of the newly enrolled CRP acres will 
be planted to trees, whereas trees accounted for only 6 per- 
cent of the land enrolled in the previous sign-ups. This factor 
has also contributed to reducing grass seed demand. USDA 
has conditionally accepted another 1.12 million acres into 
CRP from 2.35 million that were bid in July. However, 
these acres will not be retired until 1992. 


Seed Expenditures 


In 1990, total farm seed expenditure was close to $4.0 bil- 
lion— an increase of only 2 percent from 1989 (table 10). 
Field-crop and small-grain seed expenditures fell 4 percent 
in 1990 as prices for these seeds declined. However, expen- 
ditures for seeds and plants for other crops rose 31 percent in 
1990 and offset the decline for field crops, small grains, 
legumes, grasses, and forage seeds. Farm seed expenditures 
are expected to rise slightly in 1991 due to increased planted 
corn and grain sorghum acreage. 


Table 10--U.S.farm expenditures for seeds 1/ 


Change 
Item 1986 1987 1988 1989 1990 9-9 
Billion dollars Percent 
Field crops and small grains 2.70 2.46 2.49 a iemesou -4 
Legumes, grasses, and forages OF39 50. S9t 0254054 Ol 55: -2 
Seeds and plants for other crops 0.37 0.65 0.78 0.67 0.88 31 
Other seed expenses 2/ 0.04 0.05 0.09 0.08 0.05 -37 
Total seed expenditures SoD OMS 1040S Oo EST OOM S o> 2 


1/ Excludes bedding plants, ue stocks, and seed purchased for 
resale. 2/ Includes seed treatme 


Source: Bs S. Department of age soul SMES NASS. Farm Production 
Expenditures, 1990 Summa 


1990 Fall Potato Seeding Rates and Seeding 
Cost Per Acre 


The average seeding rate for the 11 leading fall potato 
producing States in 1990 was 20 cwt per acre, the same as in 
1988 and 1989 (table 11). However, potato seeding rates 
among States vary significantly due to moisture 
availability—either rainfall or irrigation — during the grow- 
ing season. Maine and New York had higher seeding rates 
because of adequate rainfall. Washington, Oregon, and 
Colorado tend to have higher seeding rates because potatoes 
are irrigated. States with less rain and limited irrigation 
(such as North Dakota and Minnesota), have lower seeding 
rates. North Dakota with 15 cwt per acre, had the lowest 
seeding rate. 
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Table 11--Fall potato seeding rates, seed cost per acre, 
and nee purchased, 990 1/ 


Acres 
Rate Cost with 
Acres per r purchased 

States planted 2/ acre acre 3/ se 
1,000 Cwt Dollars Percent 
Colorado 66 24 265 45 
Idaho 395 20 207 89 
Maine 81 21 233 64 
Michigan 34 21 253 77 
Minnesota 69 17 194 71 
New York 4/ 23 24 332 76 
North Dakota 145 15 178 92 
Oregon 53 21 247 92 
Pennsylvania 23 19 251 94 
Washington 129 22 278 98 
Wisconsin 69 20 240 82 
1990 Average 1,087 20 224 84 
1989 Average 1,011 20 189 83 
1988 Average 1,006 20 129 83 


1/ States in survey planted 92 percent of the fall 
potato acreage in 1990. 2/ Preliminary. 3/ Based on 
data from those farmers who used purchased seed. 4/ Exc- 
ludes Long Island. 


Seeding rates and seed prices primarily determine seed cost 
per acre. In 1990, the average seed cost per acre was $224, 
up about 19 percent from a year earlier because of higher 
seed prices. Among States, variations in seed potato prices 
and seeding rates resulted in per acre cost ranging from $178 
for North Dakota to $332 for New York. Average potato 
seed cost per acre in 1991 is likely to be lower than 1990, as 
average seed price fell 12 percent from year earlier level. 


Farmers used purchased rather than homegrown seed 
potatoes on 84 percent of the 1990 fall potato acres. In 
Colorado, only 45 percent of the acres were planted with pur- 
chased seed, the lowest among potato growing States. 

Potato producers in Colorado tend to grow a large share of 
their own seed potatoes, which are one or two generations 
away from certified seed. 


1991 Winter Wheat Seeding Rates and Seed 
Cost per Acre 


The average seeding rate per acre was 74 pounds for winter 
wheat in 1991, while the average cost was $8.65 per acre 
(table 12). Seeding rates and costs, however, varied consid- 
erably among 15 surveyed States. Arkansas, Illinois, In- 
diana, Missouri, and Ohio had higher seeding costs, 
reflecting higher seeding rates per acre. 


Indiana had the highest seeding cost although the seeding 
rate was second to the highest, indicating that these seeds are 
more costly than any other surveyed State. Colorado, on the 
other hand, had the lowest seeding rate and cost per acre. 
Farmers seeded 36 percent of the 1991 winter wheat acreage 
with purchased seed. Indiana showed the highest percent 
(79 percent) and Oklahoma the lowest (21 percent). Tradi- 
tion, economic situation, and prices and yield of purchased 
seed apparently account for much of the regional variations. 


Table 12--Winter wheat seeding rates, seed cost per acre, 
and percent of seed purchased, 1991 1/ 


Acres 
Rate Cost ac 

i r rchas 
States Acres aire Bere 2/ US seed 
Thousands Pounds Dollars Percent 
Arkansas 930 137 Sas 58 
Colorado 2,300 45 Sipe 36 
Idaho _ 700 86 10.16 70 
Illinois 1,400 110 14.22 59 
Indiana 750 118 18.10 79 
Kansas _ 10,800 60 7.49 27 
Missouri 1,550 115 16.25 64 
Michigan 1,900 58 4.69 30 
Nebraska 2,100 5.20 25 
Ohio 1,100 137 16.59 52 
Oklahoma 5,000 73 6.42 21 
Oregon 800 72 7.66 65 
South Dakota 1,300 64 4.22 31 
Texas 2,800 04 7.34 40 
Washington 750 71 9.46 70 
1991 average 34,180 74 8.65 36 


1/ Preliminary. States listed harvested 86 percent of 
U.S. winter wheat acres in 1991. 2/ Based on data from 
those farmers who used purchased seed. 


The band of States from Montana and South Dakota, south 
to Texas, tend to rely on their own farm production for seed. 


U.S. Seed Exports and Imports 
Corn Seed Exports 


In 1990, total volume of U.S. field corn seed exports rose 
sharply to 70,366 metric tons, a jump of 91 percent from 
1989, because of plentiful supplies following favorable 
weather conditions and strong foreign demand (table 13). 
Exports to all traditional trading partners, including unified 
Germany, increased sharply. Only Greece and Turkey 
showed declines in imported corn seed. Exports to unified 
Germany expanded due to political changes and develop- 
ment of new trade relations. 


Table 13--U.S. corn seed exports by volume 


ww ww ww ew we ww ew we eee ee eee eee ee meee ee eee meee eee eee eee ees eee ee eeesee 


pee ee Change 
Country 1988 1989 1990 89-90 1990 1991 0- 
Metric tons Percent Metric tons Percent 
Canada 2,582 1,548 4,076 163 Spiia wre, oor, “11 | 
Mexico 3,312 10,205 10,329 1 7,960 6,104 -23 
France 2,453 2,873 9,666 236 1,997 3,840 92 
Germany 62 522 1796 244 116 8,150 6926 
Spain 4,134 1,836 4,132 125 2,093 1,532 -54 
Italy 8,741 12,168 20,359 67 12,616 11,004 -13 
Netherlands 1,061 Somer a ot 594 264 1,973 647 
Greece 2,251 1,999 1,828 -9 1,731 2,814 63 
ery 2,424 107 1,050 881 1,050 2,930 141 
Union of Soviet 
Socialist Rp. 15 0 2,459 NA 2,459 3,569 45 
Turkey 1,101 245 59 -75 59 171 190 
Japan yoce 1,051 51,4354 36 473 630 33 
Eapeotal 29,458 32,905 59,622 81 34,789 44,924 29 
Total 33,732 36,859 70,366 91 37,220 52,676 42 


NA = Not applicable 


Source: U.S. Department of Commerce, Bureau of the Census, Foreign 
Trade Division. 


Total corn seed exports to the 12 leading countries rose 29 
percent in the first 6 months of 1991 over the corresponding 
period of 1990. Overall exports were up 42 percent during 
this period. Exports to Canada, Mexico, Spain, and Italy, 
however, fell 11, 23, 54, and 13 percent in the first 6 months 
of 1991. Increased exports to France, Germany, Nether- 
lands, Greece, Romania, and USSR more than offset these 
declines. 


Corn Seed Imports 


The volume of total corn seed imports in 1990 was 13,996 
metric tons, a decline of 38 percent from 1989 as domestic 
seed stocks were replenished (table 14). In 1989, com seed 
imports increased sharply to supplement 1988 drought- 
reduced domestic supply. However, corn seed imports ac- 
counted for a very small component (0.2 percent) of U.S. 
corn seed use in 1990. 


Traditionally, Canada has been the largest supplier of seed 
corn to the United States while imports from Argentina, 
Chile, and Hungary have varied widely. Imports from 
Canada increased 3 percent in 1990. In the first 6 months of 
1991, total U.S. corn seed import volume equaled 7,913 
metric tons, a decline of 30 percent over the same period a 
year earlier. 


Table 14--U.S. corn seed imports by volume 


Change Change 

Country 1988 1989 1990 89-9 1990 1991 90-91 
Metric tons Percent Metric tons Percent 

Canada Chi ie rems wut) 5 5 SD6me 5, 940 -26 
Argentina OQ 2,457 511 -79 511 138 =735 
Chile 2,055 7,000 4,509 -36 4,509 3,362 -25 
Hungary M52 feats 0G 881 -76 881 0 -100 
Subtotal 7,317 20,918 13,911 -33 11,257 7,440 -34 
Total 7,909 22,672 13,996 -38 Wi3549 987,915 30 


Source: U.S. Department of Commerce, Bureau of the Census, Foreign 
Trade Division. 


Soybean Seed Exports 


The volume of 1990 soybean seed exports to France, Italy, 
Japan, and Canada rose 184, 177, 45, and 15 percent, respec- 
tively, as domestic seed supplies increased. These increases, 
however, were overshadowed by a 63 percent decline in ex- 
ports to Mexico, resulting in a 19 percent decline in total 
U.S. soybean seed exports (table 15). Although U.S. exports 
to Mexico fell sharply in 1990 from the unprecedented level 
in 1989, they were well above the usual quantities. U.S. 
soybean seed exports to Mexico in 1989 were unusually high 
following the 1988 drought that drastically reduced supplies. 


Sharp increases in exports to Japan, France, and Italy in the 
first 6 months of 1991 compared to the corresponding period 
of 1990, offset declines in exports to Mexico and Turkey. 
As a result, exports to the leading countries increased 6 per- 
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Table 15--U.S. soybean seed exports by volume 


Change Change 

Country 1988 1989 1990 89-90 1990 1991 - 
Metric tons Percent Metric tons Percent 
Canada 293 390 449 15 444 425 -4 
Mexico 8,922 100,380 36,731 -63 18,790 4,515 -76 
France 2,187 1,698 4,827 184 089 3,948 47 
Italy 27,833 20,185 55,937 177 40,422 56,757 40 
Turkey 3} IRM 2,835 2 22855 91,055 -35 
Japan Sy 1,608 ,32D 45 1,697 3,480 105 
Subtotal 48,310 127,038 103,104 -19 66,877 70,963 6 
Total 53,730 128,582 106,991 -17 110,959 100,665 “9 


Source: U.S. Department of Commerce, Bureau of the Census, Foreign 
Trade Division. 


cent in the first 6 months. However, overall soybean exports 
fell 9 percent. 


Total Exports 


The value of total seed exports rose 15 percent to $588 mil- 
lion in 1990 from a year earlier. This increase primarily 
reflects gains in com, flower, vegetable, forage, and sugar- 
beet seed exports, which rose 103, 18, 15, 8, and 100 per- 
cent, respectively. These gains were partly offset by 
declines of 51, 50, and 17 percent in grain sorghum, tree and 
shrubs, and soybean seed exports, respectively (table 16). 


Italy, Mexico, Canada, Japan, France, and Netherlands con- 
tinued to be the top markets for U.S. planting seeds in calen- 
dar year 1990. However, 10 percent of total U.S. seed was 
exported to Saudi Arabia for the second year in a row. 
These countries together accounted for 71 percent of the 
total export value (table 17). Italy, with 17 percent of the 
total export value, held first position, followed by Mexico 
with 14 percent. These two countries switched positions in 


Table 16--Exports and imports of U.S. seed for 
planting 1/ 


Change 
Item 1987 1988 1989 1990 89-90 
$ million Percent 

Exports: 
orage 75 94 96 104 8 
Vegetable 138 167 153 176 15 
Flower 9 9 11 13 18 
Corn 2/ 63 67 68 138 103 
Grain sorghum 16 29 55 27 =51 
Soybean 36 26 54 45 -17 
Tree/shrub 2 4 2 -50 
Sugarbeet 1 2 1 2 100 
Other 33 7 68 81 19 
Total 373 424 510 588 15 

I GES 
orage 65 52 44 35 -20 

Vegetable 49 58 56 60 

Flower 21 21 24 23 -4 
Corn 3/ 5 10 37 18 -51 
Tree/shrub 1 2 2 2 0 
Other 4 4 6 0 17 
Total 145 147 169 145 -14 
Trade balance 228 277 341 443 30 


1/ Totals may not add due to rounding. 2/ Not sweet, not 


food aid. 3/ Certified. 


Source: U.S. Department of Commerce, Bureau of the Census, 


Foreign Trade Division. 
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Table 17--Export U.S. seeds for planting; region and country 
share, by value 1/ 
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1/ Totals may not add due to rounding. 


1990. Third position was shared by Canada and Saudi 
Arabia with 10 percent of the export value. 


On a regional basis, North and Central America, Western 
Europe, and Asia typically account for about 90 percent of 
the total value of seed exports. 


Total Imports 


Total seed imports reached $145 million in 1990, a decline 
of 14 percent from a year earlier. These declines are largely 
attributed to a fall of 51, 20, and 4 percent in corn, forage, 
and flower seed imports, respectively. The net U.S. seed 
trade balance surged 30 percent to $443 million in 1990 
from a year earlier (table 16). 


In calendar year 1990, Canada continued to be the leading 
U.S. supplier of planting seeds, with 26 percent of total seed 
import value (table 18). Chile with 11 percent, was the 
second largest source, followed by the Netherlands (9 per- 
cent). Mainland China supplied about 7 percent of 1990 
total seed imports by value. 


Table 18--Import U.S. seeds for planting; region and country 
share, by value 1/ 


ee me cer eee eee ee ewe ee wee eee eet en ew eee we eee eres ewe wee eee ee eee see eoes 


Region, country 1986 1987 1988 1989 1990 
North and Central Percent 
America: 
Canada 35.2 STAT 30.4 27.0 26.1 
Mexico 2.9 2.0 2.1 3.0 3.4 
Guatemala 2.7 2.5 2.4 2.3 ent 
Costa Rica 2.6 eat 0.7 0.9 1.3 
Others 0.1 0.1 0.1 0.0 0.0 
Total — 43.4 44.4 35.8 33.2 33.4 
South America: 
Chile — 6.2 4.0 6.8 13.3 Ate 
Argentina 0.0 1.5 0.7 4.0 1.0 
Others 0.8 0.5 0.8 0.4 0.1 
Total 7.0 6.0 8.3 We’. es 
Western Europe: 
Denmark — lee 2.1 1.9 1.5 1.4 
United Kingdom 0.6 0.8 0.6 0.5 0.8 
Netherlands 10.5 10.2 9.2 8.9 9.3 
France le) 1.7 1.0 1.3 1.4 
Germany ere a5 2.2 1.8 1.6 
Italy 1.1 1.2 1.6 1.0 1.0 
Others 1.9 0.7 0.3 1.4 0.1 
Total 18.7 19.2 16.8 16.3 15.7 
USSR & Eastern Europe: 
Hungary 0.0 0.0 ee 3.1 0.7 
Others 0.4 0.5 0.1 0.1 0.1 
_ Total 0.4 0.5 le) 3.1 0.7 
Asia: 
India 6.5 2.9 7.5 3.5 3.1 
Thai land 0.0 0.7 1.6 2.8 5.4 
Taiwan 6.0 6.7 4.5 6.3 4.8 
Japan - 6.1 6.0 6.4 6.9 7.6 
China (Mainland) 0.0 0.0 2.4 4.0 6.8 
Others 3.6 Set 2.0 1.5 2.9 
Total 22.2 19.4 24.5 25.0 30.5 
Africa: | 
Ethiopia 2.8 3.0 3.3 0.1 0.1 
South Africa 0.5 0.1 0.5 0.0 0.0 
Others 0.6 0.8 0.0 0.6 0.8 
Total 4.0 3.9 3.8 0.7 0.9 
Oceania: — 
Australia 1.8 2.1 1.8 1.6 2.2 
New Zealand 2.6 4.5 5.6 2.4 4.2 
Total 4.3 6.5 7.4 4.0 6.4 
Total 100.0 100.0 100.0 100.0 100.0 


wwe eww mew eee eee we ee ee ee eee ee ee ee eee ee eee eee ee eee ee eee eee ee ew eee eee 


1/ Totals may not add due to rounding. 
Fertilizer 


Recent political and economic changes in Eastern Europe, 
USSR, and the Middle East will likely cut the increase in 
world fertilizer production and consumption. Ammonia 
plants in Kuwait and Iraq, damaged during the Gulf War, are 
not likely to be repaired in the near future, nor will new plant 
construction be completed as scheduled. 


The most immediate impact of changes in Eastern Europe 
and USSR has been a sharp fall in fertilizer consumption. 
Fertilizer prices are no longer subsidized and Eastern 
European farmers are not willing to spend limited monies on 
fertilizers when relative prices of agricultural products are 
down sharply. The closure of non-economic plants and 
reduced investment in new plants could result from this 
reduced demand. 


Fertilizer supplies in the United States during 1992 are ex- 
pected to be ample at slightly higher prices. However, 
planted acreage of the major fertilizer-using crops will be the 
main factor determining 1992 usage and prices. 


Consumption 


U.S. plant nutrient use is estimated to have decreased to 20.1 
million tons during the 1990/91 fertilizer year (July 1-June 
30), down 3.0 percent from the 20.6 million tons a year ear- 


Table 19--Planted crop acreage, U.S. 


Crop 1990 1991 Change 7 
Million acres Percent 
Wheat 77.3 70.0 -9 
Feed grains 103.3 104.5 1 
Other 1/ 59:5 58.6 5 
Soybeans 57.8 59.8 3 
Cotton 1233 14.1 14 
Rice 2.9 2.9 -4 


1/ Sorghum, barley, and oats. 


lier. Most of the decrease was due to less wheat planting. 
Com acreage, which accounted for an estimated 44 percent 
of plant nutrient use in 1989/90, rose 2 percent; wheat 
acreage, 14 percent of nutrient use, decreased by 9 percent 
(table 19). 


The April 1991 index of prices received by farmers for all 
fertilizers was 4 percent greater than spring 1990. Concern 
over the Middle East crisis, reduced world supplies, and in- 
creased oil prices resulted in higher fertilizer prices. 


1991 Fertilizer Use on Winter Wheat 


Fertilizer was applied to 84 percent of the winter wheat acres 
harvested in 1991 (table 20), about equal to the previous 
year. The proportion of winter wheat acres treated with 
nitrogen, phosphate, and potash remained about the same at 
84, 49, and 19 percent, respectively. Nitrogen and phos- 
phate per-acre application rates increased from 62 and 38 
pounds to 65 and 40 pounds, respectively. The application 
rate for potash decreased 3 pounds to 54. Idaho acreage 
received the most nitrogen per acre at 100 pounds, while II- 
linois had the highest application rates for phosphate and 
potash at 65 and 83 pounds per acre, respectively. The least 
amount of nitrogen per acre (28 pounds) was applied in 
South Dakota. 


1990 Fertilizer Use on Fall Potatoes 


Some fertilizer was applied to 99 percent of the acreage 
planted to fall potatoes in 1990; the proportion of acres 
treated ranged from 98 percent for nitrogen to 89 percent for 
potash (table 21). The national average for nitrogen was 198 
pounds per acre, while that for phosphate was 163 pounds, 
and 143 pounds for potash. 


Application rates for the 3 nutrients varied significantly by 
State. Similar to last year, North Dakota acreage received 
the least amount of all fertilizer nutrients, while Oregon, 
Washington, and Wisconsin received the most. 
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Table 20--Fertilizer use on winter wheat, 1991 1/ 


At or 
before After 
K20 N P205 K20 seeding seeding Both 
BaS --Pounds per acre-- ------ Percent------- 
36 96 44 * 53 1 66 32 
2 48) = aes ee 2 83 9 9 
3 100 35 ile 41 32 28 
83 87 65 83 15 4 81 
86 80 58 69 18 12 71 
8 57 32 260* 69 8 2 
83 89 51 59 35 10 55 
8 36 27 San 91 nr 9 
4 42 29 ieee 80 10 11 
93 77 61 67 5 15 81 
7 67 35 26 * 52 15 33 
6 58 Son Sea 81 9 11 
3 fe) Che Efe) ha ae 78 7 14 
12 86 39 (ey hs 62 9 29 
9 72 26)* il 78 6 17 
19 65 40 54 58 12 30 


Fields Any. 
in ferti- 

State Acres 2/ survey lizer- N P205 

Thousand M4 eeeeeSnosc Percent 

Arkansas 930 64 100 100 36 
Colorado 2,300 86 54 54 22 
Idaho | 700 85 78 78 51 
Illinois 1,400 76 96 96 94 
Indiana 750 69 99 97 87 
Kansas 10,800 358 89 89 49 
Missouri 1,550 3 99 99 19 
Montana 1,900 90 3 73 71 
Nebraska 2,100 96 80 80 30 
Ohio 1,100 68 99 99 91 
Oklahoma 5,000 149 92 92 45 
Oregon 800 83 98 98 11 
South Dakota 1,300 69 41 41 38 
Texas 2,800 174 72 72 37 
Washington 750 115 99 98 28 
Area 34,180 1,655 84 84 49 

# = Insufficient data. nmr = None reported. 


1/ Preliminary. 2/ Acres harvested for winter wheat. 


Table 21--Fertilizer use on fall potatoes, 1990 


* = CV greater than 10 percent. 


kk 


Fields Any. 
Acres in ferti- 
State planted 1/ survey lizer- N P205 
1,000 NO sn ea Percent--- 
Colorado 66 56 100 100 100 
Idaho 395 256 100 100 99 
Maine 81 150 100 98 100 
Michigan 34 60 100 100 100 
Minnesota 69 114 95 93 91 
New York 2/ 23 42 100 100 100 
North Dakota 145 3 97 96 96 
Oregon 53 82 99 99 98 
Pennsylvania 23 65 100 100 94 
Washington 129 174 100 100 97 
Wisconsin 69 85 100 100 94 
Area 1,087 Uy USMC 99 98 98 


At or 

before After 
K20 N P205 K20 seeding seeding Both 

aS --Pounds per acre-- Se De RCO Crimea 

95 219 189 80 * 13 0 88 
83 225 169 98 22 6 72 
100 158 171 172 89 1 a 
98 162 150 216 28 0 72 
88 100 84 156 78 0 22 
100 135 170 202 52 0 48 
92 92 83 68 * 5 1 24 
3 246 218 175 25 0 15 
97 147 141 131 69 0 31 
97 294 239 224 41 16 43 
98 209 165 306 26 0 74 
89 198 163 143 41 4 54 


* = CV greater than 10 percent. 


1/ Preliminary. 2/ Does not include Long Island. 


1990 Use of Manure, Lime, Sulfur, and 
Micronutrients 


Manure was applied to 17 percent (15 percent in 1989) of all 
com acres surveyed in 1990 (table 22). Use ranged from 43 
percent (40 percent in 1989) of corn acres in Wisconsin to 4 
percent in Missouri. Manure use on other crop acreage sur- 
veyed was less common, ranging from 6 percent for 
soybeans to less than 1 percent for rice. Micronutrient use 
also varied considerably by crop; over half of the potato 
acres planted received micronutrients in 1990, while only 2 
percent of wheat acres were treated. 


Lime is applied to balance a soil’s pH (a measure of its 
acidity or alkalinity) which increases the yield potential of 
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crops by improving the availability of soil nutrients. The fre- 
quency of lime applications can range from every year on 
highly acidic soils to every 5-10 years on the less acidic soils 
in the Midwest. Lime was applied to 6 percent of the com 
acres surveyed in 1990, but no lime was used on durum 
wheat. Lime application rates ranged from 1.8 tons per acre 
for winter wheat to 0.9 tons for potatoes. 


Like other essential nutrients, sulfur plays an important role 
in plant growth. Plants low in sulfur are often small and 
spindly, and sulfur deficiency can cause reduced root nodula- 
tion in legumes. Sulfur use was more common than lime on 
all crops surveyed except soybeans. Sulfur use was most 
prevalent on fall potatoes; calcium sulfate is frequently ap- 
plied to extend potato storage life. Of potato acres surveyed, 





Table ee pet Ab sulfur, and micronutrient use on selected 


Acres receiving Application 
aoe aS Dee oa eae ee sane per acre 

F AiChO- eae ee es = — = 

Crop Acres 1/ Manure Lime Sulfur nutrients Lime Sulfur 

1,000 90 w<-2-ce=-- Percentqs-<-- = «= Tons Pounds 
Corn 58,800 17 6 9 1 1.6 1 
Cotton 9,730 4 2 23 17 1.0 10 
Potatoes 1,087 5 7 48 50 0.9 Sh 
Rice 1,800 * 1 13 14 1.0 11 
Soybeans 48,250 6 4 2 s 1.4 15 

Wheat: 

All 59,100 3 1 7 ZC 1.8 9 
Durum 3,100 5 nr nr nr nr nr 
Spring 15,800 6 * 2 2 nr 11 
Winter 40,200 2 2 9 2 1.8 9 


nr = None reported. * = Less than 0.5 percent. 
1/ Includes the major producing States for each crop. Information is 


cree on harvested acres for winter wheat and planted acres for all other 
c : 


48 percent received an average of 57 pounds of sulfur per 
acre in 1990. 


Regulatory Action 


The Environmental Protection Agency (EPA) decided not to 
regulate phosphoric acid production wastes under the 
Resource Conservation Recovery Act (RCRA). EPA deter- 
mined that this would have been too costly and inflexible for 
the industry. Instead, EPA will regulate phosphoric acid 
waste water and phosphogypsum under the Toxic Substan- 
ces Control Act (TSCA), which is more flexible than RCRA. 
EPA plans to work with the industry to implement the most 
promising alternatives as soon as possible. 


Futures Market 


The Chicago Board of Trade (CBOT) started diammonium 
phosphate (DAP) — 18-46-0 — futures on October 18, 
1991. The contracts includes lots of 100 short tons for 
delivery in Central Florida in March, June, September, and 
December. CBOT hopes there will be interest from major 
foreign buyers such as India and China as well as U.S.-based 
companies. CBOT is also preparing an anhydrous ammonia 
futures contract; industry representatives recently received a 
preliminary draft. 


Supplies 


Effective January 1990, the U.S. Department of Commerce 
(DOC) reinstated the reporting of anhydrous ammonia quan- 
tity data for all countries except imports from the USSR. Im- 
ports from the USSR represent a large portion of U.S. 
imports. Thus, nitrogen imports and domestic supply are sig- 
nificantly understated in this report. 


Domestic supplies of nitrogen, phosphate, and potash in 
1990/91 increased from a year earlier. Supplies increased be- 
cause of expanded domestic production and increased im- 
ports of nitrogen and potash materials (table 23). 


Table 23--U.S. fertilizer supplies 1/ 


Item 1989/90 1990/91 Change 
Million 
short tons Percent 


July 1 inventory: 
Nitrogen 1.51 1.14 ee 


Phosphate 2/ -70 EY -26 
Potash -22 34 55 
Production: 
Nitrogen 13.45 13.89 5 
Phosphate 2/ 11.78 12.22 4 
Potash 1.83 1.83 0 
I Ress 
But trogen 3/ 2.43 3/ 3.42 41 
Phosphate 2/ -07 -05 -29 
Potash 4.16 4.61 11 
Exports: 
itrogen Se Sane 3 Jie aos 7 
Phosphate 2/ 5.49 Sor 2 
Potash -39 -63 62 
Domestic supply: 4/ 
Nitrogen 3/ 14.25 3/ 15.08 6 
Phosphate 2/ 7.06 Taee 2 
Potash 5.82 6.15 6 


1/ Data for July through June for the fertilizer yee 
starting July 1. 2/ Does not include phosphate rock. 

3/ Does not include imports of anhydrous ammonia from the 
USSR. Thus, nitrogen imports and domestic supply are 
significantly understated. Also, aqua ammonia impor 


ts 
include only calendar year 1989 and January-June 1990 data. 
4/ Includes requirements for industrial uses. 


Trade 


U.S. phosphate exports (nutrient content) during July 1990- 
June 1991 increased 1 percent. Potash exports were up by 
63 percent from a year earlier. Exports to Brazil and Japan 
increased 142 and 65 percent, respectively, and China and 
Venezuela received shipments (none during the previous 
year) during the fertilizer year. The increase in potash ex- 
ports follows a 3 percent drop from 1988/89 to 1989/90. 


The volume of fertilizer materials exported from the United 
States varied when compared with year-earlier levels. For 
July 1990-June 1991, DAP exports climbed 6 percent from 
9.0 to 9.5 million tons while monoammonium phosphate ex- 
ports decreased 18 percent from 917,000 to 749,000 tons. 
Phosphate rock exports continued to decline to 6.6 million 
tons, a 21 percent decrease. 


Nitrogen solution exports increased 4 percent from 429,000 
tons in 1989/90 to 447,00 in 1990/91. Urea exports 
decreased 16 percent from 1.2 to 1.0 million tons, and con- 
centrated superphosphate exports increased 3 percent from 
731,000 to 752,000 tons. Exports of ammonium nitrate 
decreased 83 percent, while ammonium sulfate, potassium 
chloride, and potassium sulfate increased 7, 90, and 14 per- 
cent, respectively. 


The main fertilizer deficit areas will continue to be in Asia, 
particularly China and India. In addition, France, Belgium, 
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Italy, Japan, Pakistan, Korea, Mexico, and Brazil continue to 
be major recipients of U.S. fertilizer. During July 1990-June 
1991, over 46 percent of urea exports and 45 percent of 
diammonium phosphate exports — representing 488,000 and 
4.3 million tons of product, respectively — went to China. 
Fertilizer consumption in China has grown rapidly during 
the past few years, making it the world’s third largest con- 
sumer of manufactured fertilizer nutrients after the USSR 
and the U.S. Export needs there will increase steadily be- 
cause of the delayed increase in domestic production, but 
prices are expected to be higher unless subsidized by the 
government. India and Chile received another 15 percent of 
DAP and urea exports, respectively. 


Belgium-Luxembourg and France remain important buyers 
of U.S. nitrogen solutions, receiving 190,000 and 194,000 
tons (86 percent) of these exports during 1990/91. Brazil 
and El Salvador received 399,000 and 143,00 tons or 40 and 
14 percent of ammonium sulfate exports, respectively. 
Brazil also received 306,000 tons or 38 percent of potassium 
muriate exports. Bangladesh and Chile received 184,000 
and 133,000 tons or 25 and 18 percent of concentrated super- 
phosphate exports. Phosphate rock exports have declined as 
a result of increased competition from Morocco. However, 
Mexico, South Korea, Canada, Japan, the Netherlands, 
France, and India remained the major recipients. 


Fertilizer material imports for many products were greater 
than year-earlier levels. Urea imports increased 2 percent 
from 1.9 to 2.0 million tons with Canada responsible for ex- 
porting 46 percent of the total. Potassium chloride imports 
during July-June were up 11 percent from a year earlier to 
7.5 million tons. Imports of potassium chloride from Canada 
remained strong at around 93 percent of the total, and those 
from Israel decreased to 3 percent at 255,000 tons. How- 
ever, ammonium nitrate imports were down 8 percent from 
443,000 to 408,000 tons, and ammonium sulfate imports 
dropped 25 percent to 317,000 tons. Anhydrous ammonia 
imports for January-June 1991 were down 4 percent. 


Production 


Domestic nitrogen and phosphate fertilizer production in- 
creased during 1989/90 in response to higher domestic prices 
and more than anticipated use, while potash production 
remained about the same. Nitrogen production increased 3 
percent during July 1990-June 1991 because some an- 
hydrous ammonia producers have operated at close to 
capacity since the Middle East crisis caused tighter world 
supplies. Phosphate production increased 4 percent in 
response to greater product demand and prices. Potash 
production remained near year earlier levels since world 
supply-demand situation was close to balance. 
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Prices 


Aggregate farm fertilizer prices in spring 1991 were 4 per- 
cent more than a year earlier (table 24). Spring 1991 fer- 
tilizer prices rose 2 percent from October 1990, following a 
2 percent increase from April 1990. Concerns over the 
world demand-supply situation, as a direct result of the Mid- 
dle East crisis, pushed prices up. The increase in 1991 
planted acres anticipated by the fertilizer industry did not 
materialize as expected, resulting in only modest increases in 
fertilizer prices between fall 1990 and spring 1991. 


Nitrogen prices showed the greatest gain since spring 1990, 
with urea and anhydrous ammonia prices climbing 15 and 5 
percent, respectively. The Middle East crisis impacted an- 
hydrous ammonia and urea prices more than other fertilizers. 
Prices of other nitrogen materials either remained constant or 
slightly increased. Triple superphosphate and diammonium 
phosphate prices went up 8 percent each. Potash prices also 
increased slightly; the price of potassium chloride reached 
$156 per ton in April. 


Prices paid by farmers for fertilizer products reflect 
wholesale trends as well as other economic relationships. 
Since spring 1991, fertilizer wholesale prices have dropped 
in response to excess domestic supplies and reduced 
demand. This seasonal down-turn in prices will likely 
reverse direction later this fall as dealers increase stocks in 
anticipation of demand next year. Fall retail prices will like- 
ly be equal to or slightly less than spring 1991 prices. Spring 
1992 prices will be higher than fall 1991 prices and will 
reflect expectations for 1992 planted acreage and fertilizer 
production costs. 


Table 24--April farm fertilizer prices 1/ 


Triple Diammonium Prices 


Anhydrous —super- osphate Mixed paid 
ammonia phosphate (DAP) Potash (6-24- index 
Year (82%) (44-46%) (18-46-0%) (60%) 24%)  1977=100 
Dollars per short ton 
1987 187 194 220 115 176 117 
9 208 222 251 157 208 132 
1989 224 229 256 163 217 141 
201 219 155 198 130 
1991 210 217 235 156 206 135 


1/ Derived from the April survey of farm supply dealers 
conducted by NASS, USDA. 


Pesticides 
Prices 


Herbicide and insecticide prices have generally risen over 
the past 3 years (table 25). Pesticide manufacturers in- 
creased expenditures for research and development of new 
products and to develop additional data to reregister older 


Table 25--April farm pesticide prices 1/ 


Dollars per pound 2/ Percent 
Herbicides: 


Alachlor 5.40 5.70 6.15 aD. 
Atrazine 2.70 2.93 3.25 10.9 
Butylate 3.10 3.13 3.34 6.7 
Cyanazine 5.03 5.43 5.65 4.1 
Metolachlor 6.61 6.94 7.49 Te? 
Trifluralin 6.60 6.70 7.50 11.9 

,2 Ds oe Zeon 2.71 2.83 4.4 

Composite 3/ 4.43 4.64 5.04 8.6 

Insecticides: 

Carbaryl 4.08 4.36 4.44 1.8 
Carbofuran 9.51 Coit 10.39 6.3 
Chlorpyrifos 9.05 9.65 10.65 10.4 
Fonofos ’ 8.96 9.52 6/ 10.30 8.2 
Methyl parathion 4/ 3.85 2.94 4.15 41.2 
Phorate _ 6.85 #25 7.78 7.3 
Pyrethroids 5/ 48.08 6/ 50.00 56.54 13.1 
Terbufos _ 10.13 10.52 11.28 Uh 

Composite 3/ 10.67 10.91 12.33 13.0 


1/ Derived from the April survey of farm supply dealers 
conducted by NASS, USDA. 2/ Active ingredients. 
3/ Includes above materials and other major materials but 
not products registered in the last 2 to 3 years. 
4/ Supplied by Fred Cooke, Mississippi Agricultural 
Experiment Station. 5/ Average of fenvalerate and 
permethrin prices based on 2.6 pounds active ingredient 
per gallon. 6/ Revised. 


products. In addition, many pesticide manufacturers have 
embarked on expensive biotechnology research. Dealer 
costs also have risen, especially for liability insurance. 


Average farm-level herbicide prices rose 8.6 percent be- 
tween 1990 and 1991, after a 4.7 percent hike a year earlier. 
Trifluralin, a major soybean and cotton herbicide, showed 
the greatest increase — 11.9 percent. Atrazine, a major com 
and grain sorghum herbicide, was second at 10.9 percent. 


Farm-level insecticide prices jumped 13.0 percent, compared 
with 2.2 percent last year. The price of methyl parathion 
(used extensively in cotton production for boll weevil con- 
trol) was up a whopping 41 percent in 1991, following a 
decrease of 24 percent a year earlier. The mild winter of 
1990-91 indicated an upsurge in boll weevil pressure. 
Growers therefore stocked up on methy] parathion; tighten- 
ing supplies and increasing the price. 


Consumption 


Total 1991 farm pesticide use on major field crops is 
projected at 478 million pounds active ingredients (a.i.), up 
15 million from 1990 (table 26). June planted acreage for 
the 10 major field crops declined from 256 million in 1990 
to 253 million in 1991. The area planted to row crops, 
which tend to be pesticide intensive, increased, while that for 
small grains decreased. Corn and soybeans accounted for 82 
percent of herbicide consumption, corn and cotton 73 per- 
cent of insecticide consumption, and peanuts 82 percent of 
fungicide consumption in 1990. 


Table 26--Projected pose ae use on major U.S. field 


crops, 1 
June 1 : . 
planted Herbi- Insecti- Fungi- 
Crops acres cides cides cides 


Million Million pounds (a.i.) 


Row: 
Corn 74.9 226 27.9 0.06 
Cotton 13.9 21 20.5 0.22 
Grain sorghum 11.0 11 nee 0.00 
Peanuts 2.0 7 1.6 7.25 
Soybeans 59.8 106 9.2 0.06 
Tobacco 0.8 1 2.9 0.38 
Total 162.4 372 63.8 7.97 
Small grains: 
Barley and oats 17.6 4 0.1 0.00 
Rice 2.9 12 0.5 0.07 
Wheat 70.0 15 a0 0.81 
Total 90.5 31 2.6 0.88 
1991 total 252.9 403 66.4 8.85 
1990 total 256.0 392 62.9 8.34 


Pesticide Use on Fall Potatoes 


Fall potatoes are grown across the northern United States, 
from Maine to Washington. Herbicides were applied to 81 
percent of the fall potato acreage in the 11 surveyed States 
(table 27). However, in Minnesota and North Dakota, where 
rainfall is low, only 40 to SO percent of the acreage is treated 
with herbicides. Insecticide use was fairly uniform across all 
States (table 28). The proportion of acreage treated with fun- 
gicides was highest in the humid eastern States and lowest in 
the more arid western States (table 29). 


Herbicides were applied once on 59 percent of the fall potato 
acreage, and twice on 20 percent. Insecticide treatments 
averaged 2.1, ranging from 1.2-1.3 in Colorado and Idaho to 
4.5 in Pennsylvania. Fungicide treatments were highest in 
Maine at 8.9, followed by Pennsylvania and Wisconsin at 
4.9. In the Pacific Northwest, average fungicide treatments 
ranged from 1.4 to 1.7. 


Herbicides 


Metribuzin was the most commonly used herbicide in fall 
potato production (table 27). It was either used alone or in 
combination with other herbicides to broaden the weed con- 
trol spectrum. Metribuzin requires moisture, shortly after 
treatment, to be effective. A large share of the fall potatoes 
in the Pacific Northwest are treated with metribuzin because 
most of the crop is irrigated. Metribuzin, generally applied 
after planting but before potatoes emerge, controls such 
weeds as foxtail, ragweed, pigweed, and mustard. 


EPTC was the second most commonly used herbicide. Itis a 
selective herbicide that can be applied preplant or after plant- 
ing prior to weed germination. It controls pigweed, foxtail, 
and wild oats. EPTC must be incorporated into the soil be- 
cause it is readily lost by volatization. It is most effective 
where rainfall is low, and is more often used in arid areas. 
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Table 27--Selected herbicides used in fall potato production, 1990 1/ 


Item co ID ME MI MN NY 2/ ND OR PA WA WI Area 
1,000 acres planted 66 395 81 34 69 23.~=—s 145 53 23.—Ss« 129 69 1087 
1,000 acres treated with herbicides 50 369 79 31 37 21 54 43 19 119 63 885 
Percent of planted acres treated: 76 93 98 91 54 91 37 81 83 92 91 81 
With 1 treatment 22 67 94 49 40 56 34 49 54 72 60 59 
With 2 treatments 54 21 3 39 14 26 3 22 22 18 29 20 
With 3 treatments nr 4 1 3 nr 7 nr 10 5 2 2 2 
With 4 treatments nr 1 nr nr nr 2 nr nr 2 nr nr * 
Average times applied etAl WSS e SRSA gbYS site Goble hse Gla?As) aA BE 4h a2 
1,000 acre-treatments 3/ 85 492 82 47 44 32 58 65 27 =: 148 85 1164 


Acre-treatments by active ingredient: 4/ 
Single materials-- 


EPTC 40 19 1 6 16 2 it 24 6 23 nr 17 
Glyphosate nr * nr 8 3 10 3 2 9 1 ze 1 
Linuron 4 te 27 16 2 14 nr nr 10 nr 17 5 
Metolachlor 3 1 nr 11 2 15 3 é 12 nr 2 2 
Metribuzin | 43 47 64 37 12 29 7 33 21 45 40 42 
Pendimethalin 3 3 nr nr 23 7 28 6 nr 5 9 6 
Sethoxydin nr 1 3 2 10 3 nr 1 nr nr 8 2 
Trifluralin nr 2 nr nr 19 nr 28 4 nr 4 nr 4 
Other * nr nr nr nr nr 1 nr 2 nr 1 
Combination mixes-- 
Metolachlor + linuron nr nr nr 8 nr 12 nr nr 5 nr nr 1 
Metribuzin + EPTC 1 12 1 nr nr nr 10 12 nr 4 nr 7 
Metribuzin + metolachlor 3 1 1 12 ic nr 34 nr 5 4 
Metribuzin + pendimethalin nr 6 nr nr nr nr c re nr 8 5 5 
Trifluralin + EPTC nr 2 nr nr nr nr nr 5 nr 1 nr 1 
Other nr 6 3 5 2 2) nr 3 3 10 3 5 
Total 100 100 100 100 100 100 100 100 #100 #4«£100 ~=#=100 100 


nr = None reported. * = Less than 1 percent. 


1/ Preliminary. 2/ Excludes Long Island. 3/ Acres treated x times applied. 4/ Spot treatments not included. 


Table 28--Selected insecticides used in fall potato production, 1990 1/ 


Item co ID ME MI MN NY 2/ ND OR PA WA WI Area 
1,000 acres planted 66 395 81 34 69 23.—s«145 53 23. s«129 69 1087 
1,000 acres treated with insecticides 44 319 80 31 66 2355 eula> 49 23. = 123 68 961 
Percent of planted acres treated: 67 81 99 91 96 100 93 92 98 95 99 88 
With 1 treatment 58 60 13 17 27 33 22 20 14 27 33 38 
With 2 treatments 4 18 30 15 44 19 44 26 9 27 45 26 
With 3 treatments 5 3 22 17 23 29 18 35 17 22 14 14 
With 4 treatments nr nr 15 24 2 10 8 11 20 14 4 6 
With 5 treatments nr nr 9 2 nr 2 1 nr 12 3 2 2 
With 6 or more nr nr 10 16 nr if nr nr 28 2 1 2 
Average times applied 3/ Ve220 eo) 32185 52560 99rnc DOmcn Gmc .420ne emcee lec eU0 me .05> 
1,000 acre-treatments 53 419 254 105 132 58 294 119 101 297 136 1966 


Acre-treatments by active ingredient: 4/ 5/ 
Single materials-- 


Aldicarb nr 2 nr 1 nr nr nr 2 2 2 nr 1 
Azinphos-methyl nr ze 17 8 nr 7 nr nr 4 1 nr 3 
Carbofuran nr 2 1 4 30 2 38 2 3 1 1 9 
Disul foton nr 3 5 3 nr 3 11 * 18 7 6 
Endosul fan Te 1 15 11 2 5 2 nr 3 1 18 5 
Esfenvalerate 67 14 13 iC 22 1S 9 1 6 1 ne 12 
Ethoprop nr 24 1 2 nr nr nr 6 nr 7 nr 7 
Fenvalerate nr = nr nr nr 2 nr nr 2 nr 10 1 
Methamidophos 13 2 27 2 10 nr 23 i 32 4 12 
Permethrin 4 7 8 1 nr 10 nr 9 16 5 19 6 
Phorate nr 39 1 12 14 1 18 14 12 10 11 16 
Phosphamidon nr 0 nr nr 22 nr 26 nr nr 3 nr 6 
Other 4 5 4 24 5 30 30 24 15 13 11 
All combination mixes 4 1 8 16 1 16 nr 2 22 7 1 5 
Total 1005 100” 100 91001 00Ra1 00 ee O00 5100s Ome 00m 00 100 


* = Less than 1 percent. nr = None reported. 


1/ Preliminary. 2/ Excludes Long Island. 3/ Acres treated x times applied. 4/ Spot treatments not included. 
5/ Data were not tabulated to reveal insecticide-fungicide combination mixes. 
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Insecticides 


Colorado potato beetles, aphids, and leafhoppers constitute 
the major insect problems in potato production. The 
Colorado potato beetle has developed some resistance to a 
number of organophosphorus insecticides, and to some of 
the newer synthetic pyrethroids. 


The most commonly used insecticides across all States are 
esfenvalerate, methamidophos, and phorate (table 28). Car- 
bofuran and phosphamidon are used extensively in Min- 
nesota and North Dakota. Carbofuran, a systemic, is 
generally applied at planting for flea beetle and early-season 
Colorado potato beetle control. Phosphamidon, an or- 
ganophosphate, is still effective against the Colorado potato 
beetle and is inexpensive to use. 


Fungicides 


Mancozeb, maneb, and chlorothalonil are the most common- 
ly used fungicides in fall potato production (table 29). Early 
and late blight are the two most serious diseases. 


Early blight kills the potato vine, reducing the food supply 
available for tuber production in the hill. Late blight kills 
the vine, and can also infect developed tubers, making them 
vulnerable to decay in storage. 


The disease organism is harbored in volunteer potato plants 
and in decaying vines and tubers left in the field. The dis- 
ease organism contaminates the potato plant when rain 
splashes infected soil particles onto the foliage. 


Mancozeb, maneb, and chlorothalonil are protective fun- 
gicides in that they must kill the disease organism before it 
invades the foliage. This explains the large number of fun- 
gicide treatments in high rainfall areas. 


Herbicides on Winter Wheat 


In 1991, herbicides were used on 27 percent of the winter 
wheat acreage in the surveyed States in 1991 (table 30). In 
Washington 92 percent of winter wheat acreage was treated, 
followed by Oregon and Montana at 76 and 73 percent. In 
the Corn Belt, the proportion treated ranged from 4 to 10 per- 
cent. In Washington and Oregon, winter annual broadleaf 
and grass weeds must be controlled during mild portions of 
the winter. In Montana, winterkill thins wheat stand and in- 
vading weeds must be controlled to prevent additional yield 
losses. 


Chlorsulfuron and 2,4-D were the two most commonly used 
herbicides. Chlorsulfuron, registered in 1982, controls broad- 
leaf and grass weeds and can be applied either pre- or pos- 
temergence. In contrast, 2,4-D controls only broadleaf 


Table 29--Selected fungicides used in fall potato production, 1990 1/ 


Item co ID 
1,000 acres planted 66 395 
1,000 acres treated with fungicides 65 155 
Percent of planted acres treated: 98 39 
With 1 treatment 34 25 
With 2 treatments 46 12 
With 3 treatments 14 1 
With 4 treatments nr 
With 5 treatments nr nr 
With 6 treatments nr nr 
With 7 treatments nr nr 
With 8 treatments nr ral 
With 9 treatments nr nr 
With 10 or more nr nr 
Average times applied 1.91 1.41 
1,000 acre-treatments 3/ 124 219 
Acre-treatments by active ingredient: 4/ 5/ 
Single materials-- 
Chlorothalonil 45 54 
Iprodione 1 2 
Mancozeb 1 Aiea 
Maneb 6/ 5 13, 
Triphery (cin hydrox Bieta 
Triphenyltin hydroxide 
Other 17 11 
Combination mixes-- 
Mancozeb + metalaxyl nr td 
Other nr 1 
Total 100 100 


* = Less than 1 percent. nr = None reported. 


1/ Preliminary. 2/ Excludes Long Island. 


5/ Data were not tabulated to reveal insecticide- fungicide combination mixes. 6/ Inc 


81 34 69 23.145 53 23.—Ss 129 69 1087 
80 29 60 Coun 41 22 95 67 749 
99 85 87 96 78 iG 96 74 97 69 
nr 26 42 14 37 44 6 56 11 29 
1 26 16 21 32 24 11 11 19 18 
2 12 8 14 4 4 19 5 9 5 
1 3 2 33 4 4 16 2 7 3 
iC 5 4 nr 1 8 nr 5 2 
5 it 7 7 1 1 9 nr 11 2 
11 nr 4 2 nr nr 12 nr 9 2 
17 nr 4 nr nr nr 8 nr 15 3 
12 3 nr nr nr nr 2 nr 11 2 
43 3 nr nr nr nr 7 nr nr 3 
86 3.04 2.48 3.24 1.75 1.73 4.90 1.36 4.89 2.93 


708 90 150 (Sea 199 TIP S108 29 "350" M2199 


16 4 13 6 nr 18 8 7 10 17 
nr nr nr nr nr 19 nr 41 nr 5 
38 57 57 20 32 9 62 11 62 37 
35 15 15 We 39 ‘4 * 9 10 21 
nr 4 nr 21 nr nr nr 3 nr 1 
nr 1 7 1 16 nr nr 1 7 5 
1 6 nr nr nr 5 if nr 18 5 6 
5 4 1 14 nr 9 18 6 2 4 
5 9 i 21 13 4 13 3 5 6 


wee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee eee ee ee ee ew ee ee 


3/ Acres treated x times applied. 4/ ie treatments not included. 


udes maneb + zinc. 
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Table 30--Selected herbicides used in winter wheat production, 1991 1/ 


Tete t e mm mee eB em meee Bw ew eB ete Beem te ewe weet ee we ee eee ew ee eee ee eww ee eee 


1,000 acres harvested 
1,000 acres treated with 


herbicides 147 509 407 114 
Percent of harvested 
acres treated: 16 22 58 8 10 
With 1 treatment 16 15 52 8 10 
With 2 or more 0 7 0) z 
Average times applied 1.00 1.32 1.08 1.00 1.01 
1,000 acre-treatments 2/ 147 673 439 114 
Acre-treatments by 
active ingredient: 3/ 
Single materials-- 

o 18 13 21 17 26 
Chlorsul furon nr ne or nr nr 
Dicamba nr nr 1 nr nr 

nr 4 1 or 13 
Metsul furon nr 11 nr nr nr 
Other or 20 9 nr nr 

Combination mixes-- 

2,4-D + chlorsulfuron nr nr nr nr nr 
2,4-D + dicamba nr 11 10 nr nr 
2,4-D + glyphosate nr nr 2 nr nr 
2,4-D + metsulfuron_ nr 24 nr ner ne 
Thi fensul furon + tribenuron 3 4 6 83 62 
Other 2-way mixes ner 11 20 ne nr 
3-way mixes 9 nr 29 nr or 


nr = None reported. 


19 4 70 36 9 
3 2 0 


ee 


78 2167 69 1393 789 102 1156 612 495 595 689 9321 


38 9 3 76 38 21 92 27 


1/,069).1'. CO 1.0 7a 1), 060 1,001 O05 meat t 5m lvl Si OO Meee mutT 
78 2293 69 1492 835 102 1186 701 561 629 806 10125 


Percent 

6 33 17 43 67 12 G 8 26 16 18 
4 nr 3 nr nr 80 2 nr 14 1 23 
4 nr nr 8 nr nr 13 nr 10 1 3 
1 nr nr 3 33 nr 3 4 29 2 4 
3 nr 8 nr nr 29 6 nr 5 
5 nr 9 nr nr nr 19 4 5 15 7 
8 nr ne nr nr 5 nr nr nr 1 
3 ar 16 nr nr nr nr 1 

nr nr 3 nr nr nr 2 at nr 


1/ Preliminary. 2/ Acres treated x times applied. 3/ Spot treatments not included. 


weeds and is applied postemergence. Chlorsulfuron gained 
rapidly in popularity and by 1988 accounted for 49 percent 
of the winter wheat herbicide acre-treatments but by 1991 
dropped to 23 percent. The reason is that weeds resistant to 
chlorsulfuron have been identified (kochia and Russian 
thistle) and farmers have been urged to rotate chlorsulfuron 
with other herbicides to slow resistance in other weed 


species. 
Regulatory Issues 


In October 1990, the Environmental Protection Agency 
(EPA) proposed canceling all granular formulations of car- 
bofuran (a soil insecticide and nematicide), because of their 
association with bird mortality. EPA and the manufacturer 
have recently reached an agreement to severely restrict the 
sales of granular carbofuran and phase out many registered 
uses. Sales of granular carbofuran from September 1, 1991, 
through 1994 are limited to 4.5 million pounds a.i. with no 
more than 400,000 pounds a.i. sold in 1994. 


For the 1993 growing season, all registered uses will be can- 
celed except corn, sorghum (in Texas, Kansas, and Nebras- 
ka), rice, spinach grown for seed, cucurbits, cranberries, 
bananas, and pine progeny. Corn and sorghum uses will be 
dropped after September 1, 1993. Rice use will be dropped 
after September 1, 1994. The agreement allows the manufac- 
turer to present new information to EPA concerning benefits 
or risks on corn, sorghum, or rice before the cancellation 
dates. If the new evidence is persuasive, EPA could allow 
continued usage on corn, sorghum, and/or rice. Beginning in 
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1995, no more than 2500 pounds a.i. of granular carbofuran 
formulations can be sold for the remaining uses: spinach 
grown for seed, cucurbits, cranberries, bananas grown in 
Hawaii, and pine progeny. 


EPA also recently reached an agreement with the manufac- 
turer of ethyl parathion to voluntarily cancel all registered 
uses as of December 31, 1991, except for alfalfa, barley, 
corn, cotton, sorghum, soybeans, sunflowers, and wheat. 
Use on canola might be available, if a residue tolerance is 
set. EPA has the option to review and cancel the remaining 
registered uses. Under the agreement, only aerial application 
by certified applicators is allowed, and crops treated with 
ethyl parathion have to be harvested mechanically. There 
are also application restrictions, including requirements for 
setbacks, reentry, wind speed, and protective clothing. 


A final regulatory decision on EBDC fungicides (maneb, 
metiram, and mancozeb) is likely in late 1991 or early 1992. 
EBDC fungicides used on a wide variety of fruit, nut, 
vegetable, and grain crops are suspected of causing birth 
defects and tumors. In December 1989, EPA proposed can- 
celing 45 of 55 registered uses. Earlier that year, four major 
registrants withdrew 42 of the 45 uses from their product 
labels. 


Another issue concerning pesticides is the “circle of poison.” 
The circle of poison refers to the potential linkage between 
domestic production and export of certain pesticides and the 
subsequent import of food products contaminated with those 
pesticides. Of particular concem are pesticides that are 


neither registered in the United States nor available to U.S. 
farmers but, are legally manufactured and exported by U.S. 


companies. These pesticides can be used on food crops in 
foreign countries and exported for U.S. consumption. The 
circle is complete when pesticide residues appear on food 

consumed in the U.S. 


The most controversial aspect of legislative proposals to 
sever the circle of poison is banning exports of unregistered 
pesticides manufactured in the United States. The Circle of 
Poison Prevention Act, introduced in Congress in late April, 
would ban the export of all pesticides which are not 
registered domestically or do not have food tolerances. 
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Substitutability of Crop Rotations for Agrichemicals: 
Preliminary Results 


Biing-Hwan Lin, LeRoy Hansen, Stan Daberkow, and Michael Dreitzer! 


Abstract: Production practices among corn farmers in the 10 major producing States were 
analyzed to delineate agrichemical use patterns among different cropping systems. Per acre 
insecticide use for continuous corn averaged 0.81 pounds of active ingredients, compared 
with 0.14 pounds for the corn-soybean system, suggesting the potential for reduced insec- 
ticide use through crop rotation. Furthermore, by rotating soybeans with corn, increased 
land productivity could potentially reduce nitrogen applications, according to a preliminary 
econometric analysis of corn input-output relationships. 


Keywords: Crop rotation, farm chemical use, input substitutability 


In recent years, health and environmental concerns have en- 
couraged public policymakers and the private sector to ex- 
amine ways to systematically reduce the quantity of 
chemicals used in agricultural production. Within the 
agricultural community, low-input, or sustainable agricul- 
ture, is an example of a concept embracing less chemically- 
intensive production regimes. Some studies have shown that 
low input techniques may produce an economic profit 
equivalent to conventional practices (2,3,7). However, to 
date there has been little change in per acre pesticide and fer- 
tilizer use on major field crops. 


Crop rotations can provide economic and environmental 
benefits to agricultural producers and the general public. For 
example, legume-grain rotations are reported to often 
generate 10 to 20 percent higher grain yields than continuous 
grain, ceteris paribus (7, p.138). Increased land productivity 
(higher soil moisture and nutrient availability) and especially 
reduced pest pressure are some of the benefits from crop rota- 
tion (1). Such findings have led to recent government 
policies, including several provisions of the 1990 farm bill, 
that encourage crop rotation as a means of reducing the 
reliance on chemicals in agricultural production. 


The objective of this study is to estimate the substitutability 
of crop rotations for agrichemicals (nitrogen, insecticides, 
and herbicides). To achieve this objective, agrichemical use 
patterns across different crop rotations are compared statisti- 
cally using the 1990 corn Cropping Practices Survey. Addi- 
tionally, an econometric analysis of com input-output 
relationships is conducted. The econometric analysis and 
agrichemical use patterns among different crop rotations are 


1T in, Hansen, and Daberkow are agricultural economists, and Dreitzer was 
formerly a summer intern, Resources and Technology Division, Economic 
Research Service, USDA. 
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used to examine the substitutability of crop rotations for 
agrichemicals. 


Recent Policies Concerning Rotation and Chemical 
Use 


The 1990 farm bill and companion legislation contain a num- 
ber of provisions to encourage crop rotation. These actions 
represent an effort to promote the diversification of cropping 
patterns and decrease reliance on agrichemicals. 


The Integrated Farm Management Program Option under the 
farm bill’s Conservation Title attempts to provide significant 
planting flexibility in the base acreage in order to obtain en- 
vironmental benefits. The Agricultural Water Quality Incen- 
tives Program also provides producers favorable terms for 
tailoring production practices, including crop rotations, 
towards reducing risks of ground and surface water con- 
tamination. In addition, the farm bill’s Research Title discus- 
ses the potential for reducing harmful environmental effects 
of agricultural production practices through properly imple- 
mented alternative agricultural production techniques, which 
can include crop rotation. 


Another policy that may encourage cropping diversity is the 
Omnibus Budget Reconciliation Act of 1990. The act’s 
flexibility provision allows each producer planting flexibility 
on up to 25 percent of base acreage, without a program 
penalty. However, producers do not receive deficiency pay- 
ment on these flexible acres. This provision allows 
producers to respond to market rather than program signals 
in their planting decisions. In doing so, some monoculture 
cropping bias may be reduced for program crops, especially 
for those producers whose ratio of base acreage to total 
cropland is large. 


Data 


Corn yields are hypothesized to be affected by soil and land 
characteristics, weather, and production practices. Informa- 
tion on soil characteristics is obtained from the 1985 Nation- 
al Resource Inventory and the associated Soils-5 survey. 
County averages are used to represent soil characteristics of 
each observation included in this study. Soil characteristics 
available in the National Resource Inventory are 
hypothesized to affect corn yields include: water holding 
capacity, permeability, slope length, soil erodibility factor 
(TFACT), and soil loss tolerance factor (KFACT). Water 
holding capacity, permeability, slope length, and TFACT are 
expected to positively affect corn yields. The effect of 
KFACT on yields can be positive or negative. 


Weather data are from the National Oceanic and Atmos- 
pheric Administration (NOAA). Monthly averages of 
precipitation and temperature are available by NOAA multi- 
county weather district. Precipitation and temperature 
during July-August are believed to positively affect corn 
yields. However, too much precipitation and extremely high 
temperature can reduce corn yields. 


Field-level data on production practices and the subsequent 
yields come from the USDA’s 1990 Cropping Practices Sur- 
vey, which is part of the Objective Yield Survey. The sur- 
vey randomly samples fields in corn production for the 
major producing states. The following field-level production 
practices, all of which can potentially influence yields, were 
recorded in 1990. 


Seed: Types of seed planted; seeding rate; seed cost; chemi- 
cal treatment of seed. 


Fertilizer. Whether manure was applied; whether soil was 
tested; the timing, quantity, frequency, and methods of 
nitrogen, phosphorus, and potash applications; use of a 
nitrogen inhibitor; use of lime, sulphur, and micro nutrients. 


Pesticides: Frequency of weed cultivation; the timing, quan- 
tity, frequency, type, and method of herbicide and insec- 
ticide applications. 


Tillage and Planting Operations: Tillage and planting imple- 
ments used and the number of tillage passes between harvest 
of the previous crop and corn seeding; planting and harvest- 
ing dates. 


Others: Whether the land is highly erodible; irrigated or not; 
the purpose of the crop (i.e., seed or grain production); farm 
program participation; crops planted during the last 2 years. 


The three sets of data (Cropping Practices Survey, National 
Resource Inventory, and NOAA weather) are linked through 
county identifiers. Because a crop rotation may take more 


than three years to complete, the crops planted in three con- 
secutive years as recorded in the Cropping Practices Survey 
represent a cropping sequence rather than rotation. How- 
ever, in this article the term cropping pattern is used inter- 
changeably with crop rotation. 


Agrichemical Use Patterns in Corn Production 


The 1990 Cropping Practices Survey data set included 1,465 
usable observations sampled in the 10 major corn producing 
States (Michigan, Minnesota, Wisconsin, Illinois, Indiana, 
Iowa, Missouri, Ohio, Nebraska, and South Dakota). Those 
observations with reported corn yields of less than 30 or 
greater than 300 bushels per acre were excluded to focus the 
analysis on corn produced for feed and to avoid observations 
with extremely low yields (e.g., crop failure). 


Crops planted in the previous 2 years (1988 and 1989) were 
recorded for each observation. Based on the reported pre- 
vious crops, four major cropping patterns were identified 
and their associated agrichemical use patterns are sum- 
marized in table 1. The corn-soybean system (i.e., corn in 
1990 and soybeans in 1989) was most common, accounting 
for 49 percent of the sample. 


Monoculture corn, as indicated by 3 consecutive years of 
com, was practiced on more than one-fifth of the sampled 
acres. Two consecutive years of corn (1989 and 1990) with 
a crop other than corn being planted in 1988 was also com- 
mon. Previous crops other than corn and soybeans included 
alfalfa and small grains. Also, a sizable number of acres 
were left fallow in 1989. (See the special article by Gill and 
Daberkow in this issue for more detail). 


Insecticide and herbicide use is measured by total pounds of 
active ingredients applied during the crop year; that is, a sum 
of active ingredients in all products used. Insecticide use pat- 
terns differed significantly depending on whether the pre- 
vious crop was corn or soybeans. The monoculture (3-year) 
com cropping system registered the largest rate of insec- 
ticide use, averaging 0.81 pounds per acre across all corn 
acres (and 1.20 pounds per acre on treated acres). In fields 
where corn was planted in 1989 and 1990 but not in 1988, 
average insecticide use dropped to 0.71 pounds per acre 
across all acres (and to 1.15 pounds per acre for treated 
acres). However, this estimated rate is not significantly dif- 
ferent from monoculture corn at a 10 percent ( & ) probability 
level, using a standardized normal test. 


When soybeans rather than corn were planted in 1989, only 
0.14 pounds per acre of insecticide were used across all 
acres (and 0.93 pounds per acre among treated acres), a sig- 
nificant decline at a 1 percent probability level. This decline 
was generated through two sources: a lower application rate 
among treated acres (i.e., a decline from 1.20 to 0.93 pounds 
per acre) and a smaller portion of acres treated (62.3 percent 
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Table A-1. Agrichemical uses and cropping patterns 


Cropping patterns (1990-1989) 


Three-year Two-year1/ 


Unit Corn-soybean Corn-corn Corn-corn Corn-other2/ 
Number of Fields 720 326 181 238 
Insecticide3/ 
Overall 
Mean lbs/a. 0.14 0.81 0.71 0.27 
St. Dev. lbs/a. 0.65 0.97 0.97 0.85 
Fields treated 113 203 105 4 
Percent treated % Ward 62.3 58.0 20.6 
Mean lbs/a. 0.93 1.20 len 1.08 
St. Dev. lbs/a. 0.67 0.87 0.93 1.19 
Herbicide3/ 
Overall 
Mean lbs/a. 3.38 3.04 bY Gif 3.17 
St. Dev. lbs/a. 2.45 2.43 3.08 2.81 
Fields treated 707 306 173 219 
Percent treated % 98.2 93.9 95.6 92.0 
Mean lbs/a. 3.44 3.23 3.48 3.35 
St. Dev. lbs/a. 2.45 2.36 3.02 2.69 
Nitrogen 
Overall 
Mean lbs/a. 140 146 133 111 
St. Dev. lbs/a. 96 95 111 108 
Fields treated 707 324 178 219 
Percent treated % 98.2 99.4 98.3 92.0 
Mean lbs/a. 142 146 Sil 117 
St. Dev. lbs/a. 95 94 111 104 


1/ Corn planted in 1989 and 1990 but not 1988. 2/ Crops other than 
corn or soybeans were planted in 1989. 3/ Levels of insecticide and 
herbicide app iicetions are measured in pounds of active ingredients 


per acre applied during the crop year. 

versus 15.7 percent). A chi-squared test also revealed that States in 1990 were treated with nitrogen. As with her- 

the portion of corn acres treated in the corn-soybean system bicides, the portion of acres treated with nitrogen did not 

(i.e., 15.7 percent) was statistically lower than in the corn- vary significantly across the corn-soybean, corn-corn, and 

corn system (62.3 percent) at a 1 percent probability level. corn-other cropping patterns. However, a smaller amount of 
nitrogen was applied in the fields where neither corn nor 

Among the 238 fields where neither corn nor soybeans were soybeans were planted (mainly in fallow or planted alfalfa) 

planted in 1989 (the last category in table A-1), an average than in the fields where either corn or soybeans were planted. 


of 0.27 pounds per acre of insecticides was applied, which is 


significantly lower than the 0.81 (and 0.71) pounds per acre Econometric Results and Implications 


applied in corn-corn systems. Furthermore, the portion of 


acres treated in the corn-other system was significantly 
lower than the corn-com system. 


Herbicides use was much more prevalent than insecticide 


Many production practices recorded at the field level in the 
Cropping Practices Survey are expected to influence yields. 
The survey data were augmented with weather data as well 
as soil and land characteristics to estimate com input-output 


use in 1990. Herbicides were applied to 96.7 percent of relationships. The Cobb-Douglas specification was chosen 
1990 com acres, whereas only 33.5 percent of acres were in the preliminary analysis of input-output relationships. Fur- 


treated with insecticides. Herbicide use patterns were 
similar among the four cropping systems (5). 


ther analysis will focus on model specification, including 
both variable and functional form selection. 


Herbicide use under the corn-soybean system appeared Table 2 lists parameter estimates, t-values, and other sum- 
greater than monoculture corn, as measured by pounds of ac- mary statistics of the estimated input-output relationship. 
tive ingredients per acre. However, the difference in her- The independent variables have signs consistent with a 
bicide use was not statistically significant (a =5 percent) priori expectations and are significant at a S percent prob- 
across rotations. ability level with the exception of four variables (the corn- 


other cropping system, insecticide use, herbicide use, and 


Com farmers also apply nitrogen intensively. An estimated tillage passes). 
98.2 percent of the corn acres in the 10 major producing 
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Cropping Patterns 


Ten cropping patterns were originally considered in the 
analysis, but were combined into three because the 1988 
crop was not found to significantly affect the 1990 corn 
yields. The three selected patterns were distinguished by 
1989 crops of com, soybeans, and others (termed corn-corn, 
corn-soybean, and corn-other hereafter). The corn-corn pat- 
tern combines the 3- and 2-year continuous com systems 
listed in table A-1, because their difference in affecting 
yields was not found to be statistically significant. 


Dummy variables were used to represent different cropping 
patterns. The corn-com pattern was excluded so that coeffi- 
cients of com-soybean and com-other indicate yield effects 
relative to the com-corn pattem. The corn-corn pattern had 
yields averaging 3.7 percent lower than the corn-soybean pat- 
tern. The corn-corn pattern had higher yields than the corn- 
other pattern but the difference was not statistically 
significant. The corn-other variable was kept to maintain the 
distinction between the corn-soybean and corn-corn patterns. 


By rotating soybeans with corn, farmers gained higher yields 
(holding other input levels constant). Growing soybeans 
before corn likely increases nitrogen in the soil and breaks 
pest life cycles. Interaction terms between cropping patterns 
and agrichemical inputs (nitrogen, insecticides, and her- 
bicides, all in logarithmic terms) were not found to be sig- 
nificant, suggesting no significant interaction between 
cropping patterns and agrichemicals in affecting corm yields. 


Agrichemicals 


Nitrogen use increased yields with an output elasticity of 2.1 
percent. Similarly, the frequency of fertilizer applications in- 
creased yields. The use of pesticides (insecticides and her- 
bicides) had positive effects on corn yields. However, the 
effects were not statistically significant at a 10 percent prob- 
ability level. Because summing up active ingredients for all 
insecticide and herbicide products does not account for dif- 
ferent efficacy levels among different products, the effects of 
pesticide use were further investigated by treating their uses 
as yes/no dummy variables. Again, the use of insecticides 
and herbicides had a positive effect on corn yields and their t- 
values were around 1.4. The positive and insignificant effect 
of insecticide use on corn yields is consistent with previous 
findings (4,5). 


Positive and insignificant coefficients on the insecticide and 
herbicide variables might be expected because these inputs 
are typically applied to minimize loss not increase yields. 
Under the condition that farmers apply sufficient pesticides 
to minimize crop damage from pests, yields do not vary ac- 
cording to pesticide application rates. 


Hanthorn and Duffy (5) reported a positive and significant 
impact of herbicide use on corn yields. A plausible explana- 
tion for their result is that increases in herbicide applications 
could be related to weather. For example, above average 
precipitation may boost yields but may require additional 
herbicide applications. 


Substitutability of Crop Rotations for Agrichemicals 


Agrichemical use patterns (table A-1) and the estimated 
input-output relationship (table A-2) can be used to assess 
possible reductions in agrichemical use and the subsequent 
yield changes when corn farmers rotate corn with other 
crops. 


Results suggest that when a corn-soybean pattern replaces 
the corn-corn system, yields increase by 3.7 percent (or 4.6 
bushels per acre for an average yield of 125 bushels per 
acre) while insecticide use will decrease from 0.77 pounds 
per acre (the average of 2 and 3 years of continuous corn) to 
0.14 pounds per acre. 


There were over 22 million acres of continuous com patterns 
in the ten major producing States in 1990. If a quarter of the 
22 million acres (i.e., 5.5 million acres) of corn planted in 
1990 were to switch to soybean production in 1991 and then 
rotate to corn in 1992, the 1992 insecticide use on these 22 
million acres would be 3.5 million pounds (20 percent) less 
than the monoculture corn pattern. Meanwhile, 1992 corn 
production would be 25.3 million bushels higher. However, 
the 1991 corn (soybean) output would decrease (increase) 
substantially because soybeans rather than corn are grown on 
the 5.5 million acres. 


Table A-2. Corn input-output relationship: 
1990 corn cropping practices survey data 
Cobb-Douglas functional form 
Variable Coefficient T-Value 
Irrigated 0.1435 5.54 
Seed quantity 0.5984 12.42 
Lake region 0.1147 4.15 
Corn Belt region 0.1075 4.48 
Corn-soybean pattern 0.0371 2.76 
Corn-other pattern 0.0191 0.96 
Manure 0.0430 2.94 
Slope length 0.0451 4.13 
Nitrogen 0.0212 3.45 
Nitrogen inhibitor 0.0343 Zee 
Insecticide 0.0036 1.34 
Herbicide 0.0069 1.48 
yeas passes 0.0089 1.93 
ity program (grains) 0.0213 2.04 
Pant ng date 0.4213 8.78 
ACT 0.1383 Z2e55 
TEACT 0.2109 3.08 
Water holding Capacity 0.4078 5.69 
Precipitation in August 0.0359 2.02 
Fertilizer application freq. 0.0227 3.83 
Constant 1.6566 2.69 


R2 unr0nh6) ROM OLS 


ee 


ai. 


Increases in soybean production and decreases in corn 
production are expected to depress soybean prices and bid 
up corn prices, a demand and supply realignment that works 
against crop rotations. In addition, there are an array of fac- 
tors (economic, physical, operational, etc.) that limit crop- 
ping diversity. When continuous corn is replaced by 
corn-other pattern, insecticide use would potentially decline 
from 0.77 pounds per acre to slightly more than 0.27 pounds 
per acre, a more than 60 percent reduction. 


Herbicide use patterns were similar across different cropping 
patterns in 1990. The estimated corn input-output relation- 
ship indicates that herbicide use did not significantly affect 
com yields in 1990, probably because of sufficient herbicide 
application in 1990. Therefore, results of this study can not 
be used to establish the substitutability of cropping patterns 
for herbicide use. Field experimentations of different her- 
bicide application rates on corn yields are needed to estab- 
lish the substitutability between crop rotations and herbicide 
use. 


The substitutability of a corn-soybean pattern for nitrogen 
use can be examined by comparing their coefficients. The 
output elasticity for nitrogen is 0.021, suggesting an increase 
in nitrogen use by 1 percent (or about 1.4 pounds) improves 
corn yields by 0.021 percent (0.026 bushels per acre). A 
switch from a corn-corn pattern to a corn-soybean pattern in- 
creases yields by 4.6 bushels per acre, ceteris paribus. There- 
fore, results of this study indicate that nitrogen use can be 
reduced significantly by crop rotation without reducing 
yields. 


The potential reduction in nitrogen applications attributable 
from crop rotations is not calculated here because the 
nitrogen application would fall in a range not practiced by 
farmers. Furthermore, the specification for a corn input-out- 
put relationship (the selection of functional form and vari- 
ables) is still an unresolved issue so that the results are 
preliminary (6). 


Parameter Estimates of Other Inputs 


The number of pesticide applications and the number of 
weed cultivations did not significantly affect 1990 corn 
yields, but the number of tillage passes improved yields. In 
addition to control weed, tillage may also improve soil per- 
meability and growing conditions, such as temperature, in 
the root zone. 


A nitrogen inhibitor is a chemical that slows down leaching 
of nitrogen and hence improves nitrogen efficacy. The ap- 
plication of a nitrogen inhibitor was identified but not the 
level of use. The use of a nitrogen inhibitor was estimated to 
increase corn yields by 3.4 percent (or slightly more than $9 
per acre in 1990). A nitrogen inhibitor was applied on only 
139 out of 1,465 fields sampled in the Cropping Practices 
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Survey, 8.57 percent of the corn acres. Among the 1,465 ob- 
servations, 211 applied manure. Manure treated acres were 
highest in Wisconsin (41 percent) and lowest in Missouri (3 
percent). The application of manure increased yields by 4.3 
percent. 


Temperatures and precipitation in July were found to in- 
fluence corn yields in 1988 and 1989 (4). In 1990, tempera- 
tures in June, July, or August were not found to have 
significantly affected corn yields. Precipitation in August, 
not July or June, was found to increase yields. Five soil and 
land characteristics (water holding capacity, permeability, 
slope length, soil erodibility factor [TFACT], and soil loss 
tolerance factor [KFACT]) from National Resource Inven- 
tory were included in the analysis. With the exception of 
permeability, these soil and land characteristics had sig- 
nificant impacts on corn yields. 


Irrigation appeared to have a positive impact on corn yields 
with most irrigated corn acres being in Nebraska. Seeding 
rates significantly increased corn yields. Those who par- 
ticipated in the 1990 commodity support program for feed 
grains also had higher yields. The results are reasonable be- 
cause farmers likely set aside less productive land when en- 
rolling in the support program. Planting date delays resulted 
in lower yields. 


Summary 


Health and environmental concerns have encouraged public 
decisionmakers and the private sector to examine ways to 
systematically reduce the use of chemicals in agriculture. 
Crop rotations provide well-documented economic and en- 
vironment benefits to agricultural producers (7). Current 
agricultural policies provide some incentive and flexibility to 
promote crop rotation. 


Continuous corn cropping patterns use more insecticides 
than alternative patterns. Per acre insecticide use for 3-year 
continuous corn was 0.81 pounds, compared with 0.14 
pounds for the corn-soybean pattern, suggesting that insec- 
ticide use could be reduced substantially through crop rota- 
tions. Because of similar herbicide use patterns among 
different cropping patterns and because of the statistically in- 
significant effect of herbicide (and insecticide) use on corn 
yields, the substitutability of crop rotations for herbicide use 
cannot be addressed in this study. 


Empirical results also suggest that certain crop patterns, such 
as com-soybean, can potentially reduce nitrogen use. The 
above conclusions are tentative as the econometric analysis 
of corn input-output relationships needs refinement. Further- 
more, the statistical analysis of pesticide use patterns across 
patterns can be improved by comparing use patterns by 
product rather than total active ingredients. Some products 
used in a particular cropping pattern cannot be applied in 


other patterns and different products may have different ef- 
fects on human health and the environment. 
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Fertilizer Application Timing 


Harold H. Taylor! 


Abstract: The number and timing of fertilizer applications used in the production of 1990 
corn, cotton, rice, soybeans, and wheat were determined from a survey of the major produc- 
ing States. The average number of fertilizer treatments ranged from 1.15 per acre for 
soybeans to 2.09 for corn and 2.32 for rice. Most fertilizer applied to winter wheat was in 
the fall before seeding, whereas the other crops received most of their fertilizer in the spring 


before seeding. 


Keywords: Timing of fertilizer applications, acre-treatments, nitrogen, phosphate, potash 


There is widespread public concern that agricultural prac- 
tices are contributing to the contamination of the Nation’s 
surface water and ground water. However, the source of 
most agriculturally induced pollution cannot be identified by 
farm (10). Concer about possible fertilizer and pesticide 
contamination of ground water has already led to numerous 
policy proposals affecting agriculture. The 1987 Water 
Quality Act, for example, instructs States to identify non- 
point-source pollution contributing to waterway degradation 
and to recommend “best management practices” to improve 
waterway quality (9). Consequently, many States have 
placed major emphasis on management practices to reduce 
ground and surface water contamination. These practices in- 
clude, but are not limited to, crop rotations, conservation til- 
lage, contouring, terracing, soil testing, and timing and 
placement of fertilizer nutrients. 


Studies suggest that properly timed fertilizer applications, 
especially nitrogen, can increase yields, improve economic 
returns, and reduce leaching (1, 2, 3, 4, 5, 6). If applications 
are properly timed more fertilizer is available for use when 
crop requirements are highest and fewer nutrients run off 
into surface water or leach into underground aquifers. 
Properly timed nutrient applications have the potential to in- 
crease yields and economic returns, and decrease environ- 
mental contamination. 


During field preparations and the growing season, many 
major crops receive more than orie application. Com, for ex- 
ample, often receives a mixed fertilizer during or before 
planting, and a second application after emergence of the see- 
dlings (7). In contrast, soybeans are generally treated only 
once with fertilizer; however, a recent study in Georgia sug- 
gests that late season nitrogen applications can increase 
yields (4). 


Agricultural economist, Resources and Technology Division, Economic 
Research Service, USDA. 
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Fertilizer application data on corn, cotton, rice, soybeans, 
and wheat were obtained in the 1990 Cropping Practices Sur- 
vey conducted by USDA’s National Agricultural Statistics 
Service. The survey covers the principal producing States, 
which account for 79-86 percent of the planted acres (har- 
vested acres for winter wheat) of these crops. Information 
on the timing of nutrient applications, using 1988 data, was 
published in an earlier report (11). 


Number of Treatments 


In the 10 corn States surveyed (representing 58.8 million 
acres of planted corn), an average of 2.09 fertilizer acre-treat- 
ments were made in 1990, the second highest among the 
selected crops (table B-1). Of the estimated 57 million corn 
acres treated in the 10 States, 28 percent were treated once, 
41 percent twice, and 26 percent three times. 


In contrast, soybeans received the lowest average number of 
acre-treatments—1.15. In the 14 surveyed States, 78 percent 
of the estimated 15 million soybean acres treated received 
only one application of fertilizer, while 21 percent received 
two applications. Fertilizer acre-treatments averaged 1.77 
for cotton, 2.32 for rice, and on wheat acres ranged from 
1.42 (durum wheat) to 1.58 (winter wheat). 


Table B-1--Percent of selected crop acres treated with 
fertilizer by number of treatments, 1990 1/ 


Number of treatments Average 
wre rr rrr eee eee ---------- acre- 
Crop 1 2 3 4 >4 treatments 
wee cccceece- Percent 2/--------- 
Corn 28 41 26 5 0 2.09 
Cotton 50 38 10 2 0 EAs 
Rice 22 38 30 8 0 2.33 
Soybeans 78 2 1 nr # Sue) 
Wheat: 
Winter 52 39 8 1 # 1.58 
Spring 56 40 4 nr nr 1.49 
Durum 58 42 nr nr nr 1.42 


nr = None reported. # = Less than 0.5 percent. 


1/ Specific States surveyed for each crop are listed in 
eebis B-2 through B-6. 2/ May not sum to 100 due to 
rounding. 


ee OTT Nitrogen Phosphate Potash 
Before seeding At After -—» Before seeding At. After -—«-Before seeding At. After’ 
Acres seeersesec-+-- seeding seeding -------------- i i pee nee i eedin 
ges come, att leaea ea! Uap Fh nabeesstaue evalys eepegral l-speing ics poe jeaseesen cr, ysFall spring ori ape 
ee er re cde ee ce 
IL 10,700 38 92 % 26 ot of 7 # 
IN , 600 9 53 20 57 14 21 39 # 33 0 13 
IA 12,800 36 4 13 26 24 7 # 39 29 6 1 
MI ,400 37 23 55 nr 8 44 # 18 46 30 2 
MN 6,700 32 61 9 11 10 21 19 # 20 32 16 1 
MO 2,100 27 83 4 9 13 39 5 1 19 54 5 1 
NE , 700 42 61 13 28 4 5 22 # 6 12 1 
OH 3,700 11 44 32 5 9 11 50 1 38 39 23 1 
SD 3,400 19 36 15 10 17 15 # 14 3 # 
WI 3,700 6 34 22 17 2 6 43 # 6 19 49 1 
Area —_58, 800 "oP few: 28 65 12 27 18 21 21 # 32 37 14 1 
preesNonesrepotted mi#.salecs thani0.S,poundsraths |. .<.»--le buueateduemes clei eumbulee.issle a ulhee 
Timing of Applications Corn 


There are numerous reasons why growers split their fertilizer 
applications, the most important of which is the plant’s 
nutrient requirements and/or type of fertilizer used. Applica- 
tions may also be split to reduce potential environmental 
damage. Other factors may be more related to economic con- 
siderations, however. The price of fertilizer is typically 
higher in the spring than in the preceding fall due to seasonal 
demand factors. For example, during 1961-88, anhydrous 
ammonia, concentrated superphosphate, and potassium 
chloride prices paid by farmers averaged 6, 5, and 5 percent 
higher in the spring than in the preceding fall (13). Conse- 
quently, some farmers purchase and apply fertilizer in the 
fall to cut costs. 


Farmers may also apply fertilizer more than once to make 
timely use of available resources. Aside from winter wheat, 
spring planting typically places high seasonal demands on a 
grower’s time, machinery, and hired and nonhired labor. 
Therefore, to spread out the demand for these resources, the 
grower may decide to apply some fertilizer in the fall. Fall 
fertilization can also reduce risks associated with wet 
springs. Additionally, some forms of irrigation technology 
can easily provide more than one fertilizer application. 


Data from the Cropping Practices Survey were used to deter- 
mine the timing of fertilizer applications by crop and 
nutrient. The survey permits the timing of nutrient applica- 
tions to be separated into four categories: (1) before seeding 
in the fall; (2) before seeding in the spring; (3) at seeding; 
and (4) after seeding. Average per-acre rates by nutrient 
were calculated for each of the four designated times for 
each selected crop. ‘This breakdown allows an analysis of 
how the overall nutrient application rate for a particular crop 
is distributed over the time periods. 


Fertilizer was applied to 97 percent of the 58.8 million corn 
acres planted in the 10 surveyed States in 1990: 97 percent 
of the acres received nitrogen, 85 percent received phos- 
phate, and 77 percent received potash (12). Average applica- 
tion rates for those corn acres receiving a particular nutrient 
stood at 132 pounds per acre for nitrogen, 60 pounds for 
phosphate, and 84 pounds for potash. 


Table B-2 indicates how these nutrients were distributed 
over the four time periods for the 1990 com crop. An 
average of 28 pounds (21 percent) of nitrogen per acre was 
applied in the fall before seeding, 65 pounds (49 percent) in 
the spring before seeding, 12 pounds (9 percent) at seeding, 
and 27 pounds (21 percent) after seeding. Results were 
similar for phosphate and potash because in general most of 
these nutrients were applied before seeding in the spring. 
However, unlike nitrogen, little phosphate or potash was ap- 
plied to corn after seeding. 


The distribution of nutrient applications also varied among 
States. In Wisconsin, only 6, 2, and 6 pounds of total 
nitrogen, phosphate, and potash used, respectively, were ap- 
plied in the fall. However, these amounts increased to 38, 
37, and 51 pounds in Illinois, where fall weather conditions 
in 1989 encouraged fertilization. In contrast, 32 pounds of 
the nitrogen and SO pounds of phosphate used in Ohio were 
applied at seeding. 


Cotton, Rice, Soybeans, and Wheat 


Tables B-3 through B-6 present the distributions of nutrient 
applications for cotton, rice, soybeans, and wheat. Although 
the nutrient distributions for these crops generally resemble 
those of corn, some differences are apparent. As with corn, 
most of the nutrients applied to cotton, rice, soybeans, and 
wheat were before seeding. However, in the case of cotton, 
only a small proportion of total nutrient use was applied at 
seeding. Very little fertilizer was applied to soybeans and 
spring wheat after seeding. However, most nitrogen was ap- 
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Table B-3--Distribution of nutrient application rates on cotton by time of application, 1990 


Before seeding At. After 
seeding seeding 


Acres 
State planted 


Before seeding 


Before seeding At_ After 
seeding seeding 


At After 
seeding seeding 


Fall Spring Fall Spring Fall Spring sic enin eee 

1,000 Sale ae. cen - ~~ -=- eee Pounds per treated acre--<=-9"24=>--*229-----S5ss5-2-=-S247-- 
AZ 340 16 9 2 129 5 28 nr 34 7 nr nr 14 
AR 760 6 32 8 40 6 27 # 2 9 45 1 3 
CA 1,050 47 27 7 59 44 22 # 2 9 26 nr 4 
LA 780 14 28 1 34 7 30 1 10 11 38 nr 13 
MS 1,200 23 19 5 63 22 22 3 3 35 38 # 5 
TX 5,600 19 21 3 17 17 18 2 3 9 6 nr 2 
Area 9,730 21 23 4 38 17 22 1 5 15 27 # 5 

nr = None reported. # = Less than 0.5 pounds. 
Table B-4--Distribution of nutrient application rates on rice by time of application, 1990 000 
Nitrogen Phosphate Potash 
Before seeding At After Before seeding At After Before seeding At After 


AcreS  —_s-=-- o-oo ---e seeding seeding 


seeding seeding -------------- seeding seeding 


State planted Fall Spring Fall Spring Fall, «Spring =) tele 
1000 Ce gst tao ans snes smicis ona Sea a aoa sa aie ai=\s Pounds per treated acre----- 9-2 -- "=~ -Siees<<5 <6 oc aaa eens 
AR 1,230 9 2 98 21 24 nr 1 24 29 2 
LA 70 4 10 5 96 1 17 3 23 1 19 4 22 
Area 1,800 5 9 3 97 7 19 17 8 22 15 
nr = None reported. # = Less than 0.5 pounds. 
Table B-5--Distribution of nutrient application rates on soybeans by time of application, 1990 Tee eee 
Nitrogen Phosphate Potash ee TIES 
Before seeding At After Before seeding At After Before seeding At After 


seeding seeding 


seeding seeding -------------- seeding seeding 


Fall Spring 
Og 
AR 3,100 9 29 nr 1 
GA 900 6 10 1 2 
IL 9,200 3 16 5 1 
IN 4,300 4 re 5 # 
IA 8,000 6 18 1 8 
KY 1,250 10 24 4 2 
LA 1,800 2 20 1 1 
MN 4,600 5 6 4 1 
MS 2,100 29 9 nr 5 
MO 4,200 14 5 2 nr 
NE 2,400 17 9 3 2 
NC 1,400 3 8 4 1 
OH 3,700 2 5 3 # 
™N 1,300 2 25 2 1 
Area 48,250 6 13 3 2 


Fall Spring Fall Spring 
== =-Pounds pena thed ted tach @=m-2as- nna onc <a ro ea oo ema 
28 19 3 2 38 19 3 it 
14 24 2 # 25 40 3 1 
22 30 th nr 41 48 6 nr 
16 14 10 1 39 41 10 1 
22 15 2 # 28 26 2 # 
28 35 6 3 39 38 7 # 
7 32 3 2 4 42 5 4 
12 16 6 nr 14 42 ee nr 
25 14 nr nr 35 32 nr nr 
13 23 5 nr 23 31 9 nr 
14 14 13 nr 12 20 or nr 
6 23 11 14 46 22 3 
18 22 8 # 40 53 13 # 
4 29 6 3 4 40 iC 5 
17 23 6 1 31 41 8 1 


nr = None reported. # = Less than 0.5 pounds. 


plied to rice after seeding. For winter wheat a significant 
portion is applied after planting. 


Fertilizer Treatments 


Fertilizer use on corn, cotton, rice, soybeans, and wheat rep- 
resents about 70 percent of all fertilizer use. During the 
1989/90 fertilizer year (July June), U.S. farmers applied to 
these crops over 66 percent of all nitrogen, 74 percent of all 
phosphates, and 68 percent of all potash. 


U.S. farmers use more fertilizer on corn than any other crop 
(12, 14). During the 1989/90 fertilizer year, they applied an 
estimated 9.0 million tons of primary plant nutrients to their 
corn acres, or about 44 percent of the 20.6 million tons of 
nutrients. Specifically, corn accounted for an estimated 4.7 
million tons of nitrogen or 43 percent of the 11.1 million 
tons used by all crops, 1.9 million tons of phosphate or 44 
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percent of the 4.3 million tons used, and 2.4 million tons of 
potash or 45 percent of the 5.2 million tons used in 1989/90. 


Tables B-2 through B-6 show how, on average, the quan- 
tities of each nutrient applied to corn, cotton, rice, soybeans, 
and wheat, respectively, in 1990 were distributed throughout 
the production season. Although the tables provide useful in- 
formation, a more detailed analysis of nutrient use by time of 
application supplies additional data that may be used to 
develop policies to combat surface and ground water con- 
tamination. These statistics include: (1) the proportion of 
acres receiving fertilizer during a particular time period, by 
nutrient; and (2) the average nutrient application rate of only 
those acres that received a particular nutrient during any 
selected time period. 


Tables B-7, B-9, B-11, B-13, and B-15 show the proportion 
of acres for corn, cotton, rice, soybeans, and wheat that 


received fertilizer in each time period by nutrient. For ex- 
ample, of the corn acres that received nitrogen (table B-7), 
28 percent received some in the fall before seeding, 57 per- 
cent received some in the spring before seeding, 43 percent 
received some at seeding, and 26 percent received some after 
seeding. Since farmers can apply fertilizer during one or 
more time periods, the sum of these percentages exceeds 100 
for each nutrient. Similar evaluations can be done for the 
other crops. 


Further evaluation of the data suggests that fall fertilization 
on some crop acreage has the potential to cause environmen- 
tal problems. Tables B-8, B-10, B-12, B-14, and B-16 show 
average nutrient application rates for only those acres that 
received a particular nutrient during a selected time period 
for corn, cotton, rice, soybeans, and wheat, respectively. For 
example, the nitrogen application rate for corn acres receiv- 
ing nitrogen in the fall before seeding averaged 102 pounds 
per acre (table B-8). This was by far the most applied in the 
fall for any crop studied. Overall, more than 21 percent of 
the total nitrogen used on the 1990 corn crop was applied in 
the fall. 


Nitrogen application rates for corn growers who applied fer- 
tilizer on 57 percent of the corn acres before seeding in the 
spring averaged 114 pounds per acre, the highest of any 
crop. The total amount of these applications in this time 
period represented about 49 percent of the nitrogen applied 
during the year on corn. 


About 9 percent of the nitrogen applied to corn during the 
year was applied at seeding; another 21 percent was applied 
after seeding. The average application rate for those growers 
who applied at seeding and after seeding was 27 and 105 
pounds per acre, respectively. Because different numbers of 
farmers applied fertilizer during the different time periods, 
these averages are not additive, and their sum does not equal 
the yearly application rate for all farmers applying fertilizer 
during the year. 


Results were similar for phosphate and potash applied to 
corn acres, but the average application rates for these 
nutrients were highest in the fall. Growers who applied phos- 
phate in the fall used an average of 69 pounds per acre, 

while those who used potash applied an average of 103 
pounds per acre. In addition, few corn acres received either 
phosphate or potash after seeding. 


Average nutrient application rates by time of application also 
varied significantly among States. Fall nitrogen applications 
on corn ranged from an average of 60 pounds in Indiana to 
133 pounds in Minnesota (table B-8). Nebraska, which is ex- 
periencing significant ground water problems, averaged 125 
pounds. Similarly, fall applications of phosphate varied from 


36 to 95 pounds, and those for potash ranged from 19 to 168 
pounds among States. 


Tables B-8, B-10, B-12, B-14, and B-16 have important im- 
plications for determining best management practices for ef- 
fective timing of fertilizer applications. For example, spring 
1990 denitrification (the gaseous loss of nitrogen) and leach- 
ing due to an excessively wet spring in some areas may have 
prohibited the crop from using a substantial portion of the 
nitrogen applied in the fall. Denitrification is a major 
mechanism of nitrogen loss in waterlogged and poorly 
aerated soils in which aerobic and anaerobic conditions fluc- 
tuate (1, 8). 


The loss of nitrogen through percolation is also possible 
since soils and subsoils have little capacity to retain nitrate. 
In contrast, during drought conditions, leaching is reduced 
since nutrient movement in dry soils is more difficult. There- 
fore, nitrate loss depends on the concentration of nitrogen es- 
caping below the root zone and the flux of percolating water 
moving it. This phenomenon is particularly evident until the 
soil freezes during the winter or after it thaws in the spring. 
The time between fall fertilization and spring planting in- 
creases the likelihood that nitrogen will percolate into 
ground water when it is applied in the fall (1, 2). 


Implications 


The timing of fertilizer applications has important 
agronomic, economic, and environmental ramifications. 
Price incentives, resource limitations, and the potential for a 
wet spring, among other things, can encourage farmers to 
apply some fertilizer in the fall. Using phosphate or potash 
in the fall does not pose an environmental problem because 
these nutrients are relatively immobile in soils that are not 
prone to leaching. 


Nitrogen used for fall fertilization is subject to denitrification 
and may run off into surface water or leach into underground 
aquifers. In the 10 major corn producing States, 28 percent 
of the acres planted to corn (16 million acres) were treated 
with nitrogen in the fall. This area received an average of 
102 pounds of nitrogen per acre, and accounted for 21 per- 
cent of all the nitrogen applied to corn. Although only 21 
percent of the total nitrogen used was applied in the fall, 
average nitrogen application rates were relatively high. 
However, data used in this analysis did not include informa- 
tion to measure surface water or ground water contamination. 
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Table B-6--Distribution of nutrient application rates on wheat by time of application, 1990 


Phosphate Potash 
re seeding At. After Before seeding At. After 
---------- seeding seeding -------------- seeding seeding 
l Spring Fall Spring 


Winter wheat 


na 6 4 44 na 6 5 
na 2 3 nr na nr nr 
na 6 na 81 na 8 2 
na 10 1 5 na 15 1 
na 13 3 48 na 16 7 
na 24 1 3 na 14 1 
na 5 # nr na nr 6 
na 4 3 54 na 7 9 
na 12 1 12 na 13 nr 
na 14 2 3 na 2 nr 
na 6 3 9 na 1 nr 
na 7 # nr na nr 

na 10 1 42 na 11 4 
Spring wheat 

17 17 4 5 16 11 3 

7 18 nr 2 2 4 nr 

3 26 # 2 3 8 nr 
16 9 nr nr 5 2 nr 

8 21 1 3 9 9 2 
Durum wheat 

1 23 nr 1 2 5 nr 


Nitrogen 
Before seeding At After Befo 
sone tele ai seeding seeding =<-- 
State Acres 1/ Fall Spring Fal 
rp OO 0) (0 aN 
AR 1,300 9 na 1 89 31 
co 2,550 34 na 2 5 17 
IL 1,950 24 na 2 59 68 
KS 11,800 34 na 4 12 19 
MO , 000 26 na 8 51 36 
MT 2,600 27 na 10 10 2 
NE 2,250 40 na 1 10 22 
OH 1,350 22 na 3 50 58 
OK 6,300 48 na 5 12 21 
SD 1,700 na 8 20 8 
TX 4,200 55 na 13 20 27 
WA 2,200 52 na 10 3 12 
Area 40,200 36 na 5 21 27 
MN 2,800 26 7 2 4 
MT 2,800 10 14 16 nr 5 
ND 8,000 11 11 # 2 
SD 2,200 18 12 1 4 
Area 15,800 235 16 i 1 3 
ND 3,100 21 5 9 nr 1 
na = Not applicable. nr = None reported. id = Insuffic 


ient data. # = Less than 0.5 pounds. 


1/ Harvested acres for winter wheat and planted acres for spring and durum wheat. 
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Table B-7--Percent of corn acres receiving fertilizer by nutrient and time of application, 1990 


Nitrogen Phosphate Potash 
Before seeding At_ After Before seeding At After Before seeding At After 
Acres Assess ema ee SCCGING SCOCINGs nee aicnse a= =e = « seed inguseedinga J gas acre rea H = seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 

Vy000 0 enn n tne nnn nnn nnn eee wane on nnn son n PETCeN tents > <-> mente <a oo See esa 
IL 10,700 37 68 14 20 48 14 # 44 48 10 # 
IN ,©00 14 53 73 50 19 36 74 1 28 57 31 1 
IA 12,800 38 67 18 14 41 43 22 1 43 44 19 1 
MI , 400 6 40 87 48 nr 19 86 2 11 47 62 3 
MN 6,700 30 61 51 13 19 38 4 2 24 44 42 2 
MO 2,100 21 61 14 18 22 11 3 22 66 11 3 
NE 7,700 34 49 DD 31 12 14 15 1 12 16 78 3 
OH 3,700 14 38 83 52 16 16 3 32 35 60 3 
SD 3,400 26 48 32 21 26 38 37 2 32 41 27 3 
WI 3,700 4 38 89 235 2 12 91 a 4 21 89 2 
Area 58,800 28 57 43 26 26 35 48 1 31 43 35 1 


nr = None reported. # = Less than 0.5 percent. 


/ The sup of the percentages exceeds 100 for each nutrient because growers can apply fertilizer during one or more 
time periods. 


Table B-8--Average application rates on corn for those acres receiving specific nutrients by time of application, 1990 


Nitrogen Phosphate Potash 
Before seeding At After Before seeding At After Before seeding At After 
Acres -=-----------= seeding seeding -------------- seeding seeding ~------------- seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 
lt O00 BGs acini cicieaiai-'= sieiniziel= ininiiciaicia 2's eia= = Pounds per treated acre------------------------<--=<-------.-.. 
LE 10,700 103 136 47 130 89 79 47 50 117 105 55 60 
IN 5,600 60 101 28 114 o> 58 52 68 135 106 41 150 
IA 12,800 96 111 19 91 64 56 34 57 91 66 31 
MI 2,400 133 92 27 115 nr 44 5 168 98 48 
MN 6, 700 108 101 18 52 56 36 37 83 73 38 43 
MO 2,100 130 135 35 106 58 60 43 39 88 82 44 42 
NE 7,700 125 124 23 1 36 33 30 26 16 42 
OH 3,700 7 115 39 124 55 71 60 48 nH. 111 39 43 
SD 3,400 71 76 30 36 44 41 7 19 35 12 
WI 3,700 131 88 25 70 95 47 47 44 139 90 54 50 
Area 58,800 102 114 27 105 69 61 44 38 103 87 39 54 


nr = None reported. 


Table B-9--Percent of cotton acres receiving fertilizer by nutrient and time of application, 1990 


Nitrogen Phosphate Potash 
Before seeding At After Before seeding At. After Before seeding At_ After 
ACGES) ) eaee~c->----— == seeding seeding Poa oa Seog IngESeeding tro7c-777--7--- seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 
, 1,000 a ah lla POSEN fa Tl 
AZ 340 18 26 4 89 11 38 nr 57 33 nr nr 67 
AR 760 17 13 71 19 TL 1 6 18 78 2 
CA 1,050 46 34 8 55 60 37 2 5 33 50 nr 17 
LA 780 20 46 2 57 21 57 4 30 21 58 nr 30 
MS 1,200 31 37 8 80 41 46 7 42 48 1 10 
T™ 5,600 40 44 8 32 42 46 3 14 1 41 nr 
Area 9,730 35 44 8 51 37 50 3 15 37 53 1 15 


nr = None reported. # = Less than 0.5 percent. 


1/. The sum of the percentages exceeds 100 for each nutrient because growers can apply fertilizer during one or more 
time periods. 
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Table B-10--Average application rates on cotton for acres receiving specific nutrients by time of application, 1990 


Nitrogen Phosphate Potash 
Before seeding At After Before seeding At After Before seeding At. After 
Acres we-a---=-e---- seeding seeding «== - -- --- -==-== seeding seeding ~--+--------= seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 
1,000 mer er men nnn en wren sen ece ee were ns annn- Pounds per treated acres’ \*~<— <= -<ss'e -- < aaeheaase =o ae 
AZ 340 88 34 47 145 50 74 nr 60 22 nr nr 20 
AR 760 32 46 62 56 33 35 26 37 47 57 43 42 
CA 1,050 101 19 94 107 73 60 11 37 28 53 nr 26 
LA 780 71 60 24 60 34 54 39 32 52 66 nr 44 
MS 1,200 73 51 ae 78 55 48 43 41 82 79 25 54 
TX 5,600 48 47 32 53 41 39 63 22 17 15 nr 17 
Area 9,730 62 52 49 74 45 43 50 31 40 51 37 34 


nr = None reported. 


Table B-11--Percent of rice acres receiving fertilizer by nutrient and time of application, 1990 


Nitrogen Phosphate Potash 

Before seeding At. After Before seeding At. After Before seeding At_ After 

Acresm i @e- "sn S42-"64><4 seeding seeding me gens- seosc so «se seeding seeding oa c=s~-ceee==-" seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 

17000 0 26 soe a = Seen ee ae ese 8 ron ean on sins Percents 1 [tere ee eee ee eee 

AR 1,230 12 14 & 91 51 46 nr 3 49 47 2 2 

LA 570 5 20 6 95 4 31 6 58 2 32 i 58 

Area 1,800 10 16 92 18 36 5 42 17 37 40 


area Lea of the percentages exceeds 100 for each nutrient because growers can apply fertilizer during one or more 
ime periods. 


Table B-12--Average application rates on rice for acres receiving specific nutrients by time of application, 1990 


Nitrogen Phosphate Potash 

Before seeding At. After Before seeding At After Before seeding At After 

Acres S=:-<c-5---<= seeding seeding peosesere sss" seéding seeding,  Bie==-=<ne==--- seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 

WOOO sec a ol a Pounds ‘perm treated, ache==-<<<-20=~<«<<bn--- SS aSseic- eam =meapie 

AR 1,230 47 64 50 108 42 52 nr 45 48 63 60 90 

LA 19 51 71 1 36 55 49 39 46 59 51 37 

Area 1,800 53 59 60 106 41 54 49 39 48 60 52 38 


nr = None reported. 


Table B-13--Percent of soybeans acres receiving fertilizer by nutrient and time of application, 1990 


Nitrogen Phosphate Potash 
Before seeding At. After Before seeding At. After Before seeding At After 
Acres S2s>-s>2=5e2°- seeding seeding htereeseene-=| Seeding seeding | lec @s seco ocean seeding seeding 
State planted Fall Spring Fall Spring Fall Spring 

UE OOO ee ere en ec ee ia Percent 1/----------------------- 22 ~~~ eee 
AR 3,100 50 56 nr 6 58 39 3 6 54 31 3 11 
GA 00 35 55 4 35 56 7 1 35 at iL 1 
IL 9,200 14 54 21 11 34 53 13 nr 38 52 10 nr 
IN 4,300 24 25 53 5 30 33 38 4 35 42 29 3 
IA 8,000 34 39 14 14 44 38 17 2 41 43 15 1 
KY 1,250 23 65 13 4 38 48 11 5 41 46 11 2 
LA 1,800 19 69 6 16 72 6 6 10 76 7 7 
MN 4,600 23 38 38 8 23 38 38 nr 21 43 36 nr 
MS 2,100 71 14 nr 14 67 33 nr nr 60 40 nr nr 
MO 4,200 27 55 18 nr 30 5 15 nr 29 57 14 nr 
NE 2,400 31 1 31 8 30 40 30 nr 50 50 nr nr 
NC 1,400 17 Se 30 1 15 54 30 2 18 53 29 2 
OH , £00 13 48 30 9 33 42 21 6 34 49 15 4 
TN 1,300 9 70 ie 9 8 69 15 8 69 16 if 
Area 48,250 24 47 23 8 33 48 18 3 34 49 15 2 


nr = None reported. # = Less than 0.5 pounds. 


Nf Se of the percentages exceeds 100 for each nutrient because growers can apply fertilizer during one or more 
time periods. 
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ape Ni trogen _ i Phosphate Potash 

Before seeding At After -—- Before seeding At. After -—« Before seeding. At. After” 

Acres ~s7we"-rs----= seeding seeding  -------------- seeding seeding = —------ are cene i din 

state planted “Fall “Spring ra coun. itt Merely Spring Senn ae 

A000 Memes iArctedCnts Paaeteied. Stns. ben. sous Pounds “pen itrested acest ree-ssewwes-2- =. 2... See 
AR 3,100 18 51 16 49 49 9% 40 70 60 96 62 
Rees Me Meth ema ee en le ue 
IN 4,300 18 27 9 5 54 43 16 36 
IA 8, 000 18 47 8 57 51 41 14 ie "68 0 3 *§ 
Ky 1,250 45 37 32 38 73 72 52 104 % 82 65 24 
UA 1,800 i 29 9 10 44 45 44 45 40 55 78 51 
MN 4, 0 16 10 15 52 41 15 nr 63 97 20 nr 
, 100 41 nr 33 38 41 nr nr 59 80 nr nr 
oe Peat ere ei te ee me eens aie serairlom tee Gre ae 
a hee oer wie mete aes BS re Bee ae 
TN 1,300 18 36 15 10 49 41 40 40 "3 "33 “3 PA 
Area 48,250 25 28 13 24 53 48 34 30 91 83 51 46 


nr = None reported. 


Table B-15--Percent of wheat acres receiving fertilizer by nutrient and time of application, 1990 


Nitrogen Phosphate Potash 
Before seeding At_ After Before seeding At After Before seeding At After 
=2=--<----==-- seeding seeding pees seh <== ==" Seeding seeding am °""-"ce-<="- == seeding seeding 
State Acres 1/ Fall Spring Fall Spring Fall Spring 
il) OOO ei ie (inion in nin aini= aie in mie Percent 2/---- 9-9-2 o aren nnn ne nnn ener nner n enn n enc cnsne 
Winter wheat 
AR 1,300 26 na 5 92 75 na 15 9 75 na 15 9 
co 2,950 82 na 5 20 14 na 13 13 nr na nr nr 
IL 1,950 74 na 7 82 92 na 8 na 90 na 7 
KS 11,800 76 na 20 38 59 na 38 5 28 na 63 8 
MO 2,000 58 na 23 68 69 na 27 8 66 na 27 12 
MT 2,600 48 na 74 23 11 na 86 4 17 na 75 
NE 2,250 84 na 9 26 75 na 20 6 nr na nr 100 
OH 1,350 86 na 10 83 89 na 9 7 87 na 9 
OK 6,300 80 na 28 41 Bi na 40 4 51 na 49 nr 
SD 1,700 29 na 40 49 35 na 59 6 50 na 50 nr 
TX 4,200 75 na 22 34 71 na 22 8 83 na 17 nr 
WA 2,200 87 na 17 13 63 na 40 3 nr na nr 100 
Area 40,200 73 na 22 42 62 na 35 = 65 na 29 8 
Spring wheat 
MN 2,800 58 51 45 3 10 44 50 3 10 48 4 
MT 2,800 15 30 70 nr LS 18 70 nr 17 16 67 nr 
ND 8,000 39 23 76 6 11 85 2 10 19 76 nr 
SD 2,200 20 50 37 7 13 48 39 nr nr 33 nr 
Area 15,800 38 34 63 2 9 24 69 2 10 35 60 2 
Durum wheat 
ND 3,100 36 16 88 nr 3 4 93 nr 11 11 78 nr 


na = Not applicable. nr = None reported. id = Insufficient data. # = Less than 0.5 pounds. 


1/ Harvested acres for winter wheat and planted acres for spio pe and durum wheat. 2/ The sum of percentages 
exceeds 100 for each nutrient because growers can apply fertilizer during one or more time periods. 
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Table B-16--Average application rates on wheat for acres receiving specific nutrients by time of application, 1990 


wmewrees ewe ees eee eee meme wee wm ee ee ee we me we wee eee eee ee wee ee w ee eee eee ewe ewe eee eee ewe eee eee eee ee ee eee eee ree teres eresreesocereecec= 


Nitrogen Phosphate Potash 
Before seeding At After Before seeding At. After Before seeding At_ After 
wore n neon e---- seeding seeding -------------- seeding seeding ~a=sina=> == -<—eseeding seeding 
State Acres 1/ Fall Spring Fall Spring Fall Springeimely — eteie 
Fe OC) 0 ih Pounds: pera treated sacre=ss<<ssicecc neem =i ena oinloe oa = 
Winter wheat 
AR 1,300 35 na 31 98 41 na 42 38 59 na 42 52 
co 2,550 41 na 31 26 23 na 18 22 nr na nr nr 
IL 1,950 33 na 32 72 74 na 72 nr 90 na 113 90 
KS 11,800 44 na 19 32 32 na 26 15 18 na 23 10 
MO 2,000 44 na 34 75 52 na 47 34 72 na 60 55 
MT 2,600 57 na 14 43 23 na 28 25 19 na 18 9 
NE 2,290 47 na 14 38 30 na 24 3 nr na nr 6 
OH 1,350 25 na 31 61 65 na 52 44 63 na 79 97 
OK 6,300 59 na 19 30 36 na 30 Zt 23 na 27 nr 
SD 1,700 27 na 40 23 na 24 30 6 na 4 nr 
TX 4,200 74 na 58 60 39 na 29 36 11 na 5 nr 
WA 2,200 60 ~~—ina 6 23 19 na 18 5 nor na nr 2 
Area 40,200 50 na 24 50 43 na 30 26 64 na 38 49 
Spring wheat 
MN 2,800 82 51 16 84 45 39 35 109 47 33 22 81 
MT 2,800 64 45 23 nr 32 37 26 nr 10 10 5 nr 
ND 8,000 58 46 15 11 26 26 31 28 22 15 10 nr 
SD 2,200 46 35 33 22 30 34 22 nr nr 8 7 nr 
Area 15,800 66 46 17 39 33 35 31 70 33 27 14 81 
Durum wheat 
ND 3,100 57 32 14 nr 35 30 25 nr 9 14 6 nr 


na = Not applicable. nr = None reported. id = Insufficient data. # = Less than 0.5 pounds. 


1/ Harvested acres for winter wheat and planted acres for spring and durum wheat. 
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Crop Sequences Among 1990 Major Field Crops and 
Associated Farm Program Participation 


Mohinder Gill and Stan Daberkow! 


Abstract: Cropping Practices Survey data for 1990 indicate farmers continue to extensively 
rotate the major field crops. Comparisons between 1989 and 1990 crop production patterns 
show very little overall change. However, monoculture cropping is still prevalent in certain 
crops and States and may be linked to past agricultural policy. The distribution of cropping 
patterns by farm program participation indicate that a large share of land enrolled in the 
1990 cotton and corn programs was continuously cropped. 


Keywords: Cropping patterns, pests, farm program participation, major field crops 


Crops are typically rotated because of the inherent 
agronomic and economic benefits associated with various 
cropping sequences. These benefits can include control of 
pests, weeds, and diseases; maintenance of soil fertility; con- 
servation of soil moisture; prevention of erosion; reduction 
of fertilizer, insecticide and herbicide use; and abatement of 
water pollution often associated with runoff and leaching 
(1,4,5). While crop rotation is widely practiced in the 
United States, farmers in certain parts of the country ap- 
parently perceive it to be either unprofitable or insufficiently 
profitable. 


Another often cited barrier to cropping diversity is agricul- 
tural policies which may have encouraged continuous crop- 
ping (6). Prior to the 1990 farm bill, farmers participating in 
the support program could not easily change their cropping 
patterns without jeopardizing the amount of their program 
crop acreage eligible for payments. This was particularly 
true for farmers who had a large share of their cropland 
devoted to program crops. 


Due to these policy constraints and the rising concerns about 
the perceived link between monoculture cropping and 
declines in water quality and food safety, policies have been 
changed to encourage more crop rotation. For example, the 
1990 farm bill allows more planting flexibility, while protect- 
ing the crop acreage base. Specifically, producers are al- 
lowed to plant up to 25 percent of their crop acreage base to 
other crops without losing any base. Other provisions that 
could encourage crop rotation include the Agricultural Water 
Quality Incentive Program, the Integrated Farm Manage- 
ment Option, and increased authorizations for research on 
sustainable agriculture and integrated crop management 
systems. 


1 A pricultural economists, Resources and Technology Division, Economic 
Research Service, USDA. 


This article uses Cropping Practices Survey (CPS) data for 
the major field crops grown in 1990 and examines the share 
of acreage on which various 3-year cropping patterns were 
practiced. Survey data indicate that for most areas of the 
United States farmers varied the crops planted from year-to- 
year over the 3-year period. In individual States, cropping 
patterns vary from year to year, but comparisons between 
1989 and 1990 show patterns changed very little. However, 
for certain crops and States, the survey showed continuous 
cropping was widely practiced. 


This article also examines the distribution of cropping pat- 
terns by farm program participation.” While the evidence 
does not necessarily imply that program participation leads 
to specific cropping patterns, especially when monoculture 
cropping is involved, it does indicate the level of association 
between program participation and selected cropping sequen- 
ces. 


Corn 


In 1990, in the 10 major corn producing States surveyed, the 
two most common cropping sequences were continuous com 
production and corn-soybean-com, similar to 1989 (20). This 
pattern likely represents 2-year comm-soybean rotation. 

These two sequences were used on 65 percent of the 1990 
acreage ( Table C-1). Continuous com was most common in 
Nebraska (59 percent), with 73 percent of the irrigated areas 
of the State following this pattern. Fixed investment in ir- 
rigation capital and heavy participation in the commodity 
programs likely contributed to a lack of crop diversity. Con- 
tinuous cropping also was frequently used in Wisconsin (36 


2-The CPS collects data ona field basis. Therefore, the information collected 
on farm program participation was asked in terms of whether the field in the 
survey was part of a farm enrolled in the one or more of the 1990 farm programs 
(i.e., feed grains, wheat, rice, or cotton). 
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Table C-1--Cropping patterns used on land producing corn, 1990 


Previous crop Nebraska oun © meres Shee i 
1989 1988 IL IN IA MI MN MO State Dry Irr OH SD __. WI 1990) 1989 1988 
Million acres planted 
Os r4 SOmeuless 2.4 6.7 Cal Tet 2.3 4.6 Sait 3.4 5) (DOLO mm TAS 
Percent 
Corn Corn 18 20 21 26 15 16 59 22 73 15 10 36 35 23 
Corn Soybean 8 11 7 9 is 8 5 12 1 9 2 4 7 it 
Corn Alfalfa 1 1 2 3 3 1 1 2 nr 1 1 10 2 2 
Corn Other * 3 2 10 2 3 5 3 3 4 6 3 4 
Soybean Corn 56 42 - 56 13 43 38 17 31 11 38 29 6 40 38 
Soybean Soybean 5 8 3 11 4 15 3 9 1 6 3 nr 5 > 
Soybean Other 4 4 2 3 7 nr 3 1 3 6 3 
Fallow 1/ Other 3 5 2 U 2 8 3 7 1 10 3 5 3 4 
Alfalfa Alfalfa nr * 3 1 5 2 nr nr nr 6 1 20 5 2 
Alfalfa Other 1 1 1 1 1 1 nr nr nr 3 nr 3 1 1 
Wheat Corn nr 1 nr 1 1 nr nr nr nr nr 4 1 1 2 
Wheat Other * 4 nr 2 4 1 1 1 nr nr 10 1 2 4 
Oats Corn 1 nr nr nr 2 nr 2 6 nr nr 12 1 2 1 
Oats Other 1 nr 1 3 2 nr nr nr nr nr 5 nr 1 1 
Sub-total 98 100 100 90 98 97 92 96 90 98 88 95 98 98 
Other Other 2 0 0 10 2 3 8 4 10 2 12 5 2 2 
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
nr = None reported. * = less than 1 percent. 


1/ No crops planted during this year. 


2/ Included in other. 


percent), Michigan (26 percent), Iowa (21 percent), Indiana 
(20 percent), and Illinois (18 percent). 


Based on a survey of 1990 corn fields, the corn-soybean- 
corn rotation dominated in Iowa (56 percent), Illinois (56 
percent), Minnesota (43 percent), Indiana (42 percent), and 
Ohio (38 percent). For all surveyed States, 40 percent of the 
1990 corn land grew soybeans in 1989 and corn in 1988. 


One advantage of a corn-soybean-corn rotation is the ability 
of soybeans to fix nitrogen in the soil, which may allow 
farmers to reduce commercial nitrogen applications on the 
succeeding corn crop. Alternating corn with soybeans also 
may help control weeds and insects (3). One of the most 
beneficial aspects of crop rotation is the control of insects 
that eat only one kind of food (8,9). Northern or western 
com rootworm, corn root aphids, wireworms, and maize 
billbug are in this category (10,11,12). These pests can be 
controlled by rotating to crops on which the pest will not 
feed, such as legumes or small grains (8,13). 


In Wisconsin, alfalfa rather than soybeans is alternated with 


corn. Alfalfa serves the same purpose as soybeans in a rota- 
tion and provides protein for dairy feed. In 1990, 20 percent 
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of the land used to grow corn had been planted to alfalfa in 
the previous 2 years. 


Overall, corn cropping patterns remained stable between 
1989 and 1990. However, a significant change occurred in 
Missouri, where the share of com-soybean-corn rotation in- 
creased 16 percentage points to about the same as in 1988 
(20). 


To examine com cropping patterns by farm program par- 
ticipation, the CPS observations were divided into three 
categories: those fields that were part of farms enrolled only 
in the 1990 feed grain program; farms enrolled in both the 
1990 feed grains and wheat programs; and farms not en- 
rolled in any program or just in the wheat or cotton 
programs. A Chi-square test was performed to determine 
whether the distribution of cropping patterns differed sig- 
nificantly between any two farm program categories. In all 
comparisons, the cropping patterns were statistically dif- 
ferent at the 1-percent level of confidence. 


Farms enrolled only in the feed grain program exhibited dif- 
ferent cropping patterns from those in the other two program 
groupings (table C-2). Continuous cropping and the corn- 

soybean-corn rotations were more prevalent in this category 


Table Gora Sete nf aches in commodi ty Support program: was only slightly smaller than the other program categories 
eee Dee R CC e eiG OLAe PL B aki eB ate (i.e., 23 percent versus 26 percent and 20 percent). Those 


Feed Non- i i 
Siainmeercettantine participant. farms enrolled in both the feed grains and wheat programs 
, program & wheat in feed grain were expected to have different cropping patterns from the 
Previous crop only program program 1/ 


eS See Soe fea naa Meee, sa og iS xine onic «aie tis 5's 356 other participation categories due to the necessity to plant 


Million acres planted corn and wheat in order to maintain program bases. 


33.8 rene 12.65 Soybeans 
1989 98S Se ela ROGCen teem 
Corn Coch 2% 20 23 The two common cropping patterns practiced by farmers in 
LOED goypeats . . the 14 major soybean producing States were: soybean-corm- 
Soybeans Corn 47 29 32 soybean in the Northern States and continuous soybean 
Soyo em ores : s ; production in the Southern States (table C-3). The soybean- 
Fallow Any 1 4 2 corn-soybean pattern was particularly prevalent in Illinois 
Alfalfa Any 3 4 6 4 ; 
Wheat Any * 8 3 (66 percent), Indiana (53 percent), Iowa (78 percent), Min- 
he ay . nesota (59 percent), Nebraska (49 percent), and Ohio (45 per- 
AL AR ee LOO Tae (Oe Ls Ur aety cent). In these States, 58 percent of 1990 soybean producing 
* = Less than 1 percent acres used this practice. 


1/. Includes corn land in farms enrolled only in 
1990 wheat or cotton program. 


The soybean-corn-soybean rotation pattern was common be- 
than the others. However, somewhat surprisingly the propor- cause soybeans compete economically with other crops and 
tion of monoculture corn among farms not in the program typically provide a natural source of nitrogen for the succeed- 


Table C-3--Cropping patterns used on land producing soybeans, 1990 


Previous crop Northern States aoe Southern States fe0G 
1989 1988 Le IN IA MN MO NE OH area AR GA KY LA MS NC ™N area 
Million acres planted Million acres planted 

ORCS eo ero e046 80 4.20 2.4 Belh  bfeu(A 5. iO OMS Comn lL. Ole mecul 1 4eee) oc 11.85 

a RERCEM Caan a iam lerininimlatminren woe ene -------------Percent----------------------- 
Soybean Corn Te 10 5 3 8 4 10 il nr 7 10 nr 3 7 10 4 
Soybean Soybean 2 4 1 nr 14 1 9 4 22 18 11 48 50 9 28 29 
Soybean Other 1 a nr 2 6 6 1 1 8 5 2 8 if 5 4 7 
Corn Corn Ni 9 8 6 7 22 3 9 nr 2 5 nr 1 2 3 1 
Corn Soybean 66 53 78 59 235 49 45 58 nr iC 20 4 nr 15 7 6 
Corn Other 4 11 5 12 5 5 14 8 nr 2 1 nr nr 8 nr 2 
Fallow Other 3 7 1 ip 9 nr 8 3 5 4 4 6 5 9 3 5 
Rice Soybean nr nr nr nr nr nr nr nr 15 nr nr 7 6 nr nr 6 
Rice Other nr nr nr nr 1 nr nr td 6 nr nr 5 1 nr nr 3 
3/ Soybean 1 nr nr nr 1 nr 2 - 4 8 1 1 2 3 3 
3/ Other 1 2 nr nr 4 nr 6 2 1 nr 2 nr 1 3 1 1 

wo nn nr rn nn nnn nnn nnn nnn nnn nn nnn ne 1990 double-cropped wheat-soybeans 2/--------------------- +--+ renner eno - =e 
Corn Soybean nr * nr nr fl nr nr a nr 1 9 1 nr 9 2 3 
Corn Other nr nr nr nr nr nr nr nr 1 nr 4 1 nr 6 2 2 
Soybean Soybean 1 nr nr nr 2 nr nr 1 4 2 1 5 5 2 6 3 
Soybean Corn 1 1 nr nr 1 nr nr te nr nr 9 nr nr 1 1 1 
Soybean Other nr ci nr nr nr nr nr sd 4 5 nr 1 1 2 2 2 
l 1/ Soybean 2 1 nr nr 2 nr nr 1 4 nr 2 3 3 2 1 3 
Eaten f ot er 1 nr nr nr nr nr 3 a 2 1 1 nr nr 3 3 1 
Peanuts Other nr nr nr nr nr nr nr nr nr 10 nr nr nr nr nr 1 
Soybean 1 1 nr nr 6 nr nr 1 19 15 17 5 11 4 19 13 
3) ot er nr nr nr nr 2 nr nr nr 1 2 2 nr 1 2 1 1 
Sub-total 100 98 99 86 90 87 98 95 94 Sia 00 95 95 92 99 97 
Other Other 0 2 1 14 10 13 2 5 6 13 0 5 5 8 1 3 
Total 100 100 100 100 100 100 #£100 100 OCs 100MreT 00 100100 e100 5100 100 


nr = none reported. * = less than 1 percent. 1/ No ey Pe planted SOO es ear. 2/ Winter wheat planted in fall 1989 


and soybeans planted in spring/summer 1990. 3/ Winter wheat planted in fall 1988 and soybeans planted in spring/summer 1989. 
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ing crops. Yields of corn (and wheat) planted after soybeans 
are, on average, 5-10 percent higher than those planted after 
nonleguminous crops (1). Furthermore, rotations increased 
soybean yield over continuous cropping because soybean 
cyst nematodes were controlled (14). According to one 
study,the nematode population was reduced by rotating to 
nonhost crops, such as corn, wheat, cotton, small grains, and 
grain sorghum (15,16). 


In southern States, such as Arkansas, Georgia, Kentucky, 
Louisiana, Mississippi, North Carolina, and Tennessee, con- 
tinuous soybean production was used on 28 percent of the 
1990 soybean producing acres. Continuous soybeans appear 
to be profitable in these States, although lack of program 
base acreage or soil characteristics may have limited the 
diversity of cropping patterns on some farms. 


In Delta States — Arkansas, Louisiana, and Mississippi — 
rice was also used in soybean production rotations. This was 
done on 9 percent of the 1990 soybean acres. In Georgia, 
peanuts were a significant component of the soybean rota- 
tion. Ten percent of 1990 soybean acres grew peanuts in the 
preceding year. 


Southern farmers extensively used a double cropping system 
with soybeans following winter wheat. Approximately 30 
percent of the 1990 soybean acres were double cropped in 
the South (18). Besides producing two crops in a year, this 
system also provides an opportunity for minimum tillage 
soybean production, which reduces costs. Soybeans are 
often planted with no-till planters in wheat or other small 
grain stubble soon after the grain is harvested. While 
soybeans in the South receive more herbicide treatment than 
in the North, very little insecticide is used on southern 
soybeans (7). 


Cotton 


Continuous cotton cropping is widely practiced in the six 
major producing States (table C-4). Sixty-one percent of the 
1990 cotton land grew cotton in the previous 2 years, which 
was slightly less than in 1989. In Mississippi, Louisiana, 
and Arkansas, 82, 74, and 71 percent, respectively, of the 
1990 cotton land was in continuous cotton. In Arizona, 
Texas, and California, continuous cotton production was 
practiced on 50 to 56 percent of the cotton acres. 


Sorghum rotated with cotton is popular in Texas while 
vegetables are commonly alternated with cotton in Califor- 
nia. Soybeans are rotated with cotton mostly in Louisiana, 
Arkansas, and Missouri. Rotating cotton with grain sor- 
ghum, corn, or small grains reduces insects and disease 
problems, such as boll weevil, bollworm, tobacco budworm, 
pink bollworm and rootrot (19). About 40 percent of the los- 
ses attributed to cotton pests are traceable to the boll weevil 
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(2). Cotton rotated with sorghum, for example, has been par- 
ticularly useful in reducing boll weevil infestations. 


Cotton fields in the survey belonged to farms which fell into 
one of three farm program categories: enrolled in the 1990 
cotton program only; enrolled in the 1990 cotton and one or 
more other commodity programs; and not enrolled in the 
1990 cotton program or enrolled only in the 1990 wheat, 
feed grains, and/or rice programs. Farms enrolled only in 
the cotton program were heavily involved in continuous cot- 
ton cropping, with over 75 percent of the cotton acreage 
planted to cotton 3 years in a row (table C-5). (All the pro- 
gram participation categories differ from one another at the 
1-percent level of confidence, based on a Chi-square test). 
Because of the attractiveness of the cotton program con- 
tinuous cotton is widely practiced in the cotton States 
surveyed. 


Farms participating in the cotton and other commodity 
programs had a much lower share of acreage in continuous 
cotton (54 percent), compared to acreage enrolled solely in 
the cotton program. Those farms not enrolled in the 1990 
cotton program had the lowest share of acres in continuous 
cotton (45 percent) of all the program categories. Based on 
these results, participation in the cotton program appears as- 
sociated with continuous cropping patterns. However, even 
land enrolled in the cotton program tended to be continuous- 
ly cropped, which may be linked to attempt to increase cot- 
ton base acreage. 


Table C-4--Cropping patterns used on land producing cotton, 1990 


wore ence nen e eee e ee 1990 
1989 1988 AZ AR CA LA MS TX area 

Million acres planted 
0534 5057609 15055 90278) 1220 5.6 9.73 

Percent 

Corn Cotton nr 2 nr nr 1 6 4 
Corn Other 5 nr 1 nr 1 s 2 
Sorghum Cotton nr 2 ne nr nr 13 8 
Sorghum Other nr 1 nr 1 2 3 3 
Soybean Soybean nr 5 nr 6 3 nr 1 
Soybean Cotton nr 2 nr 6 2 1 1 
Soybean Other nr 2 nr 1 1 1 
Fallow 1/ Fallow 5 2 1 1 nr 4 3 
Fallow Cotton 4 nr 10 1 2 3 
Fallow Other 1 nr nr nr 2 1 
Cotton Cotton 56 71 50 74 82 56 61 
Cotton Fallow 5 1 oe 6 1 1 1 
Cotton Soybean nr 5 or 2 2 i 1 
Cotton Other 6 2 11 nr nor 3 4 
Vegetable Cotton nor nr 5 nr nr oe 1 
Vegetable Vegetable 1 nr 4 nr 1 nr 1 
Vegetable Other 1 nr 2 nr 1 1 oS 
Sub-total 84 97 84 98 96 96 96 
Other Other 16 3 16 2 4 4 4 
Total 100 100 100 100 100 100 100 


nr = None reported. * = Less than 1 rcent. 1/ No crops planted 
during this cae Oo / oe aeg 


ganisms, the availability of other crops, and economic condi- 


Table C-5--Share of acres in commodity a oopEe program 
: tions in the various potato growing regions. 


on land producing cotton in 


care EOE ton & Non- 

otton other rticipation 5 
; program commodity e eucrnn Less than 5 percent of 1990 potato acreage grew potatoes in 
Previous crop only program program 1/ 


the preceding 2 years, unchanged from 1988 (table C-6). 
Continuous potato production, however, remained popular in 


Million acres planted 


3.64 4:72 1.40 New York (31 percent) and Michigan (20 percent). The 

1989 1965° 8) esas s Deena pene eee shares of acreage were somewhat higher in both States com- 
Cotton Cotton 75 54, 45 pared to 1988. 
coe Any 4 13 16 
Falveu ae ; : f The most common crops planted prior to the potatoes are 
Voneteclos moon A P 8 wheat, barley, and com. Twenty percent of the 1990 potato 
other fe 1 : 14 acreage grew wheat in the preceding year, mostly in Min- 

100 


nesota, North Dakota, Colorado, and Idaho. Led by 
Washington, Oregon, Michigan, and Pennsylvania, 10 per- 
cent of the 1990 potato acreage grew corn the previous year. 
A potato-barley-potato cropping pattern was prevalent in 
Colorado, where 43 percent of potato acreage followed this 
pattern. A significant regional barley demand for beer 
production makes this an attractive crop in rotation with 
potatoes. 


1/ Includes cotton land in farms enrolled only in 
1990 feed grain, wheat, or rice program. 


Fall Potatoes 


Fall potatoes are grown from Maine to Washington, and rota- 
tions reflect concerns about potato losses from soil-borne or- 


Table C-6--Common crop rotations used on land producing potatoes, 1990 


oo Sgseigisisle -isielcia =seis= 1990 
1989 1988 co ID ME MI MN NY ND OR PA WA WI area 
Million acres planted 
0.07 0.40 0.08 0.03 0.07 0.02 ORD 0.05 0.02 0.13 0.07 1.10 
Percent 
Corn Corn nr oe nr 5 6 2 9 4 8 18 1 5 
Corn Fallow nr nr nr nr nr nr nr 17 3 9 nr 2 
Corn Potatoes nr nr 3 10 nr 2 nr nr 3 4 2 1 
Corn Other nr 1 nr Ma 2 nr 3 fr 3 5 6 2 
Wheat Corn nr * nr nr 2 nr 1 3 nr 5 nr 1 
Wheat Wheat 4 10 nr nr 23 nr 11 5 nr 1 nr 6 
Wheat Barley nr 1 nr nr 4 nr 4 nr nr nr nr 1 
Wheat Fallow 1/ nr 1 nr nr 4 nr 3 1 nr 3 nr 1 
Wheat Potatoes 13 11 nr nr 4 2 7 6 5 nr nr 6 
Wheat Other nr 5 nr nr 9 nr 20 9 3 1 nr 5 
Barley Wheat nr 2 nr nr 16 nr a 3 nr nr nr 2 
Barley Barley 4 4 nr nr 3 nr 1 10 nr nr nr 3 
Barley Potatoes 43 13 5 nr nr nr nr 6 2 nr nr 8 
Barley Other 2 3 nr nr 3) 2 5 5 nr nr nr 2 
Fallow Fallow nr 19 5 2 3 2 nr 5 3 8 6 9 
Fallow Potatoes nr 8 1 5 nr ls nr nr 8 7 4 5 
Fallow Other nr 5 1 2 1 2 4 nr 3 6 6 4 
Alfalfa Alfalfa nr Ta 2 5 nr 5 nr 10 5 10 5 6 
Alfalfa Other nr nr 5 5 nr 5 nr nr 11 3 7 2 
Oats Potatoes nr nr 35 8 nr WG nr nr 14 nr 2 4 
Oats Other 2 nr 1 nr nr nr nr nr 3 nr 1 * 
Potatoes Oats nr nr 19 2 nr nr nr nr 2 nr nr 2 
Potatoes Potatoes 7 nr 9 20 2 31 nr 1 nr nr 6 3 
Potatoes Other 21 1 10 8 nr 2 nr 2 8 1 6 4 
Vegetable Vegetable nr nr nr 3 1 10 nr nr nr 6 20 3 
Vegetable Potatoes nr nr 2 1 5) nr nr 3 nr 2 1 
Vegetable Other nr 1 nr 4 nr nr nr 1 2 4 14 2 
Sub-total 96 92 95 88 87 94 86 93 87 92 88 92 
Other Other 4 8 5 12 13 6 14 7 13 8 12 8 
Total 100 100 100 100 100 100 100 100 100 100 100 100 


1/ No crops planted during this year. 


nr = None reported. 


Similar to 1988, two regional rotation patterns were ob- 
served in 1990. Maine, New York, Pennsylvania, and 
Michigan grew significant amounts of oats prior to potatoes 
in 1990. Colorado, North Dakota, Minnesota, Idaho, 
Oregon, and Washington growers grew wheat and barley 
prior to potatoes. Alfalfa production was also common 
among potato growers in Washington, Idaho, Oregon, and 
Wisconsin. Other vegetable crops were grown on 22 percent 
of the potato acreage in Wisconsin. 


Fallowing is often practiced to conserve moisture and to in- 
terrupt disease and insect cycles such as golden nematode, 
late blight, common scab, corky ring spot, and verticillium 
wilt. Eighteen percent of the 1990 potato acreage was left 
idle in 1989. Idaho (32 percent) and Washington (32 per- 
cent), were extensive users of fallowed land for 1990 potato 
production. 


Rice 


The most common cropping patterns in the two major rice 
producing States are rice-soybeans-soybeans and rice- 
soybeans-rice. The shares of 1990 rice acres using the rice- 
soybeans-soybeans pattern were 31 percent in Arkansas and 
29 percent in Louisiana (table C-7). With both States com- 
bined, 31 percent of the 1990 rice acreage was planted to 
soybeans during the previous 2 years; another 22 percent 


Table C-7--Cropping patterns used on land 
producing rice, 0 


a 1990 
1989 1988 AR LA area 

Millon acres planted 
1.23 0.57 1.80 

Percent 

Sorghum Soybean 3 nr 2 
Sorghum Rice 2 nr 1 
Soybean Soybean 31 29 31 
Soybean Fallow 6 3 5 
Soybean Rice 22 Ze 22 
Soybean Other 4 1 3 
Fallow Soybean 3 3 3 
Fallow 1/ Rice 4 8 5 
Fallow Fallow 1 5 2 
Fallow Other ws nr * 
Rice Soybean 9 8 9 
Rice Fallow 3 1 3 
Rice Rice 4 13 7 
Rice Other 1 1 1 
Sub-total 93 94 94 
Other Other 7 6 6 
Total 100 100 100 


nr = None reported. 1/ No crops planted during this 
year. 


was planted to soybeans in 1989 and rice in 1988. Overall, 
61 percent of the 1990 rice acres grew soybeans in 1989. 


Continuous rice production was more common in Louisiana 
(13 percent) than Arkansas (4 percent). In 1990, 20 percent 
of the rice acres grew rice in the previous year, while 10 per- 
cent was fallowed. There was little change in crop rotation 
practices in these 2 States compared to previous years. 


Crop rotations are effective in controlling rice weeds, in- 
sects, and diseases. The most common rice weeds requiring 
control are red rice and barnyardgrass. These weeds reduce 
the yield and quality of the rice (17). The quality and yield 
of U.S. rice is reduced an estimated 15 percent each year by 
weeds. The most damaging pests are rice stink bug and rice 
water weevil, which reduce production an estimated 4 per- 
cent a year. Armyworms also damage rice crops (2,17). 


Spring Wheat 


Land used for spring wheat production in 1990 showed a 
variety of cropping patterns, reflecting primarily the 
availability of moisture in the major producing States. The 
most common cropping practice was wheat-fallow-wheat. 
Montana, with 55 percent of its 1990 acres under this crop- 
ping practice, remained the leading State (table C-8). For all 
surveyed States combined, 31 percent of the 1990 spring 
wheat crop was grown on land left idle in the preceding year. 
The second most popular cropping pattern was continuous 
spring wheat production. Thirteen percent of 1990 spring 
wheat acres followed continuous wheat production pattern. 


In most of the surveyed States, 1990 spring wheat was 
preceded by barley on 4 to 10 percent of the acreage. Where 
rainfall or irrigation permitted, more input-intensive crops 
were grown in the year preceding spring wheat production. 
In Minnesota, 28 percent of the spring wheat acres were 
planted to soybeans in the preceding year, while in South 
Dakota, corn preceded wheat on 25 percent of the 1990 
spring wheat acreage. 


North Dakota is the major durum wheat producer. Forty- 
three percent of the State’s acreage planted to durum wheat 
in 1990 had been fallow in 1989 (table C-8). This cropping 
practice reflects the moisture constraint farmers face in this 
area. Only 15 percent of 1990 acres in North Dakota were 
planted to wheat the previous 2 years. 


For both spring and durum wheat acreage, the amount of 
acreage planted to wheat for two or more years has increased 
and the acreage of wheat following fallow has declined since 
1988. This change reflects the decline in Acreage Reduction 
Program (ARP) levels from 1988 through 1990 as well as 
the 1990 wheat program provision which allowed producers 
to plant up to 105 percent of their base. 


Table C-8--Cropping patterns used on land producing 
spring and durum wheat, 1990 


2.80 2.80 8.00 2.20 15.80 3.10 


Percent 
Corn Other 11 nr 2 35 7 1 
Soybean Corn 7 nr nr 6 nr 
Soybean Wheat 11 nr 3 10 5 nr 
Soybean Other 10 nr 1 6 
Barley Other 10 5 8 4 8 1 
Fallow 1/ Wheat 3 55 15 4 18 28 
Fallow Barley nr 6 4 nr 3 3 
Fallow Other 4 13 11 6 10 12 
Wheat Wheat 16 11 12 15 13 15 
Wheat Fallow 7 6 10 8 9 12 
Wheat Other 7 nr 12 4 9 5 
Sunflower Wheat nr nr 6 nr 3 2 
Sunflower Other nr nr 1 2 1 nr 
Drybeans Other 6 nr 6 nr 4 nr 
Sub-total 92 96 91 90 95 81 
Other Other 8 4 9 10 5 19 
Total 100 100 100 #4100 100 100 
nr = None reported. 1/ No crops planted during this 
year. 
Conclusion 


Comparison between 1989 and 1990 crop production pat- 
terns for the major field crops showed very little overall 
change. Cropping Practices Survey data for 1990 indicate 
while farmers continue to extensively practice crop rotations, 
monoculture cropping is still prevalent in certain crops and 
States such as cotton in the southern States and corn in the ir- 
rigated area of Nebraska. The distribution of cropping pat- 
terns differed significantly between three farm program 
participation categories for 1990 com and cotton acres. For 
both crops, a larger share of land in farms enrolled solely in 
the feed grains or cotton programs was continuously cropped 
than for land not enrolled in either of these programs. How- 
ever, a large share (23 percent for corn and 45 percent for 
cotton) of land not participating in either program was also 
cropped continuously. 
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! Moving? To change your address, send this 

: sheet with label intact, showing new address, 
:to EMS Information, Rm. 228, 1301 New York : 
:Ave., N.W. Washington, DC 20005-4788. i 


What’s Your Subscription Situation? 





Your subscription to Agricultural Resources expires in the month and year shown on the top line of your 
mailing label. The expiration date will appear in one of two formats: FEB94 (for February 1994) or 
940430 (for April 30, 1994). Disregard this notice if no renewal date appears. Renew today by calling, toll 
free, 1-800-999-6779, or return this form with your mailing label attached. 


Agricultural Resources Situation and Outlook Renewal 
: 1 Year 2 Years 3 Years 
|_] Bill me. Domestic $12.00 $23.00 $33.00 
[_] Enclosedis$_ Foreign $15.00 $28.75 $41.25 
+l tn Use purchase orders, checks 
matt: drawn on U.S. banks, cashier’s 
ERS-NASS checks, or international money 
P.O. Box 1608 orders. 


ATTACH MAILING LABEL HERE 


Rockville, MD 20849-1608 Make payable to ERS-NASS. 


Credit Card Orders: 
a MasterCard eal VISA Total charges $ 


s Credit card 


Month/Year 





For fastest service, call toll free, 1-800-999-6779 (8:30-5:00 ET) 





